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REPORT O F  THE CHIEF O F  THE WEATHER BUREAU FOR THE FISCAL YEAR ENDING JUNE 30, 
1903. 

Dated Aogu*t 11, 1003. 

I have the honor to submit a report of the operations of the 
Weather Bureau during the fibcal year that  ended June 30,1903. 

FORECAST DIVISION. 
P R A ( ' T I ( ' A L  VALC'F; OF E'OItEC 4hTh A N I )  IV4RNI 

The North Atlantic :mil West Inilian forecast and htorni- 
warning service was continued in successful operation during 
the year. Forecasts, for the first three c l a y  out, for the use 
of stenmei-s bound for European porth were issued daily a t  8 
a. 111. ancl 8 11. m., and the dnierican and European shipping 
interests were notified of the character ancl probable c o u r s ~  of 
the more severe stornis that were passing eastward from the 
American coast. 

No storins of liurricaiie strength occurred in the West Inclies. 
From October 31 to November 5 ,  1902, a storm that clevel- 

oped marked intensity orer the Atlantic Ocean iuovecl north- 
eastward from the Chribbean Sea to the British Isles. Warn- 
ings were cabled well in adiance of the storiu to San Juan, 
Porto Rico, to Havana, Chil~a, ancl to Weather Eureau stations 
on the coast from New Orleans. La., to Boston, Mass., to tlie 
observatory a t  Hortn, F a p l ,  Azores, arid to  Lloyd's, London. 

One of the most important stornus of the year appeared oil 
October 6, 1902, in tlie Gulf of C'aiupeche, moved thence to 
the middle Gulf coast of the Ynited States by the loth,  reached 
a position off the south New England coast by the iiioriiiiig of 
the 12t11, and advanced over the Atlantic Ocean to a point 
near the north coast of Scotland by the 16th. Ample anel 
timely warnings were issued to United States Gulf ancl Atlantic 
ports regarding the character and course of this storiii. 

During the late fall and winter months North Atlniitic 
shipping interests were frequently advised regarding tlie ap- 
protich and progress of the exceptionally severe storms v f  
those seasons. 

The first general frost of the season extended from tlie 
Northwestern States over the Lake region and central valleys, 
and as far south as Arkansas and northern parts of Mississippi, 
A41abama, and (ieorgia, from September 11 to 14,1902. Tiniely 
warnings perinitteil protective measures in the districts visited 
by the frost of thih period. 

The first important cold wave of the season swept southnard 
and eastward from the British Northwest Territory over the 
interior of the country from November 26 to  4S, 1902, carrying 
the line of freezing temperature almost to the coast line o f  
the Gulf of Mexico. Timely warnings were gixen to a11 
interests that  were subject to damage or loss by frost and colcl. 

The following coiiime~it was made by the New Orleans 
Tirneh-Democrat of November 28, 19021 on the warnings ishued 
for the Gulf district, the only section east of the Pacific coast 
States ill which agricultural products were endangereel by frost : 

The waruingh sent ou t  Wednesda> niorning were timely for all parts 
of thib estensive ilistrict. Freezing n enther occnrrecl over Arkan.;its, 
Oklahoma, and ntirthwest Texas. Hea\ yfrosts ocwirred over the interiw 
of Texas, and frost occurred generally over southern Texas ancl all o f  
Louisiana. Frost was in evidence in New Orleans. and on the oiit6hirts 
was iluite heavy. The warnings of these sex ere condition6 wew is5uetl 
by the Weather Bureau well in arl\ani*e, aud all business interest5 aere 
prepared for the  frost3 and freezing. 

The following is an ertract  from the Galveston (Ter.) News 
of December 4, 1902, with regard to the cold wave warnings 
of the 3cl: 

Last winter the Weather Bureau saved many thou.;ancl dollars to  the 
farmers and trui=k growers of south Texas by timely warnings of heaxy 
freezes, and yeeterday morning when the warnings were telegraphed m d  
telephonetl t o  points of interest no time was lost in getting the teuiler 
vegetation under cover. The Weather Bureau's notice H a y  practically 
two clays in arhance, because the coldest period is expected to-night ani1 

early Friilay morning. 
sligar mill4 were hhut r l c , \ \ n  at once and all hauds took to  the 
fields." to use a coninton haying. 
men were in the fielil crittir 
the  wratlipr I,ullrtiu was 
rapitlly re4:iiforcwl. auil it i 
\\ill have betbti cut and btrct rhrtl 
frewe with tlre i ~ ~ n  

Whru Sugarlanil \\its cnniniiiuivaterl with tho 
tall cane 

It \vas rep1)rtell that severel hundrell 
r CHUP itnil winilrowing i t  an hour after 

m y  of cwtters X V ~ A  being 
vera1 h undretl iwi-i'b of cane 
uui1 liy to-night. A heavy 

ould play t i a x  IN' niitl mould niean tlie loss 

Tlie fol!owing is an eclitorial from The Sugar Planters' 
Jouriial, New C)rleaiis, La.. of December 20, 1'302: 

Ail evi11rnc.e o f  the  esteem in which the fnrrcaqts 
States N'eather Bureau at N r w  ~)rleltns are held wa. 
Ihiter:,  all ti \  e r  tllv State by their windrowing thousitucls of acres of 
( a n r  t i n  rcxi.i\in:: unrniiiq o f  the la1 i b  cola1 snap. wvli~~ii the temperature 

rate fl)revit5t o f  the rlt.%tiiicti\-e freeze of last 
to tlir sug7.r industry of Louisiana figured, 
1 uiillitnis o f  d(11lars. The exact loss by that 

terrilJIt1 firtm. \\ ill nv\  isr t i t ,  kniwn. Had iiiorr lilariters windrowed 
)iionilitlg i i p i i r  rt*t.lbiviug \\aruiiig 1a.t grai froill the \Veatlirr Bureau, 
tlre loss w u u l i l  ha\ I. Iiw*u greatl? cuit:tilr~l. The ncvuravy of the fore- 
c*ast+ nz i i w  i+,iirtl t o  t h v  zuxar planter lias had mui4i to do a i t h  the 
~ I ' O R  ing lwli*f in tlre t'fhmy iiiid \vi 111 o f  windroming a.ane when a 
i.iild ~ I I : L ~ J  is 1irwlif4wl <i\ titiout tu iwn nn us. Fortunately, these 
wtruiugs niv generally twruty-four or thirty-six hours 
; t l l r a ~ l  l l f  tllr flet'ze. thert ralile amount of cane 
l l l ~ l l l <  ~ I l i l C C V l  hHfC 111 the \ It is coitsiilereil by 
iiiiiii? thouglt, a+ \I isest not to 4 I f  l w i u g  1.augllt with 
:t large areit I I ~  (.:mi* it1 tlie firlal. s of planters tliypobetl 
t i l  winilrow ationt the iniilillv o f  ir no freeze, provitltql 
t1ti.y I ia \ r  suRil.ic.ut  nu+. til I i u t  t l i r .  1.1111 o f  the l.anilciign to as late as 
thi. iliitlille 11f Janiiary. 

Tlie Taii i l~~i (Fln. ) Herald, of ceni lm 27, 1902, remarked 
as follons regnrcling the wariiiu 

* '  Hea\y anrl ~li~niaginq s tlit. )Brie€ \\arning smt out 
1 weather observer, 
lid doubtless saved 
isr who own large 

the State \vas sufficivnt to 
grratly injrirt> the pinrs." 

Mr. W. \I7. Fisher, president of tlie TJnited Telephone Com- 
pany, Bellefontaine, Ohio, uuder date of Ilecember 26, 1903, 
addressed the following letter to Mr. C. L. Lane, Weather 
Bureau display~nan a t  Bellefonttliiie: 

Our teleIihnue c(iiirlinuy ilesirrs tu  eapiesh in writing i ts  appreciation 
o f  tlir eolil-wave warning given Iiy you to o u r  su iiltrnalent 0 1 1  Wrilnes- 
tlny 1:st. W e  trave GO stations in our systrm, w I1 eltenlls througl1nut 
this auil ailjoiiiing wrintir.s, ani1 this new's was mediately telephoiied 

In  
trm are a g r w t  many fiiri1il.r suIisvritwr<, and this I I ~ W S  was 

@\en to  ea1.11 fartrier. We take plwsure i i t  telling gc~u that  i t  was tip- 
prethtell n grrat  deal illore than (mi 11r r\l~ressPaI liert,. We shall 1)e 
iileaseil indeed tu cotiinlriuii~ate t i i  vur patnlub throughout our system 
auy like iuforinatiinn that coti~es t o  you iu your iinsition as voluntary ob- 
s e n e r  o f  t h r  United State< Weather Biir~ali  in o u r  city. a11c1 we shall be 
glail ti) reniler yo11 au) assistance, at any time. mithiu lour  po\ver. 

A notable feature of tlie weather of February, 1 W 3 ,  was 
that while a rapid succession of herere storms continued over 
the United States, the Atlantic, and northern Europe, the 
barometric pressure continuecl abnormally high over southern, 
and nore  especially southwestern Europe. From the 234  
when the center of tlie last hiuericaii storiii of the month 
reached the region north of Scotland, until the SSth, baro- 
metric pressures mere low over mutliwestern Europe, and the 
center of a barometric depression of exceptional strength re- 
niainecl aliiiost stationary north of the British Isles. The steep 
barometric gradient of this apparently stationary disturbance 
extended over the Atlantic almost to the American coast, and 
cawecl, during the last five or six d a p  of the month, 8 con- 

i i f  perhalls I l ~ i iusan  

low a- the  f'rrwinq ~ioiiit. aull in sonie 
faith iit t l i v  Iiri)Kiiustii.ittions of the '. 

stntiou with i~istructions to circulntr tlir information there. 
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tinuation of violent gales from Newfoundland to the western 
European coast. 

The first important storm of February occupied Nevada on 
the morning of the ls t ,  and reached tlie Gulf of St. Lawrence 
on the 5th. The heavy raiiis of the 3 4  4th, and 5th, accom- 
panied by thawing, resulted in floods in the Allegheny ancl 
Monongahela rivers and tributaries. All interests about the 
headwaters of the Ohio likely to be affected by high water 
were kept informed by day and night of the stage of the rivers, 
and advices and warnings with regard to anticipated stages 
were issued hourly by the Pittsburg o&ce of the Weather 
Bureau. On the 4th that office advised the public to prepare 
for high water, and predicted a stage of 24 feet on the gage 
a t  Pittsburg by the 5th. A stage of 24 feet was reached a t  
noon on the 5th. On the inorning of the Mi ,  when the west- 
ern storm referred to was ceiitral over the Canadian maritime 
provinces, the following message was cabled to Lloyd’s 
London : 

Severe storm will more eastward from Newfoundland to-dag. 
This storm reached a position north of the British Isles on 

the loth, and by the morning of tlie 11th had passed over the 
northern portion of the Scaiidinavian Peninsula, with central 
barometric pressure about 28.40 inches. 

The second storm of the month appeared on tlie Gth over 
New Mexico, to which position i t  lwobal~ly nclvanceil froiii tlie 
extreme southern California coast. Moving rapidly east\\ arc1 
this disturbance reacliecl t,lie inicldle Ci alf coast on tlie morn- 
ing of the Tth, passed northeastward to Lake Erie by the 
morning of the 8th, and reaclietl NOVR Scotia by the morning 
of the 9th, with rapidly increwing streiigtli. On the morn- 
ing of the 7th the following message mas telegraphed from 
Washington to Weather Bureau stntions iii iiorthern Ohio. 
western and northern Pennsylvnnix. and New Tork: 

Heavy snow indicated for tibiiight in  norlh~ri i  Olrii), westerii Peimyl- 
vanin, western and northern New Tork. 

Ivarning of heavy snow in northern Illiiiois and northern 
I d i a n a  was sent from the Weather Bureau ofice at  Chicago. 

The snowfall of the 8th was particularly heavy in the cen- 
tral districts of New York, where rai1ro:d trains were delayed. 

I n  coiinection with tmhe cold wave of February lti ancl 17, 
1903, the Picayune, of New Orleaiis. on February 18, 1903, 
said : 

The srvel’est weather of tht. w inter throngliout tlie Southwest p w -  
vailed yebterday morning. Owiug t i )  the ft iwcitstds tiiiirlg notithe and 
warning to plautiug intel’rsts, suxar. truc,k. aud orange growers ha\ ing 
been forewarned in ample tiuir, thew were trtIit.11 the lirulwr precautiixis 
for the freeze nud severe iujriry wah nrertetl. This forecast having lwen 
implicity believed 113‘ the agrivulturi-;t of the district, wlio hail occasion 
labt year to rely on Dr. Clii ie’s acriirntr 11ri’dic.tion. srt\rrl them ninny 
liiindreils o f  thonsamls o f  tlollnrs. When it is c.ousitlereil that such low 
temperatures do not ouciir in FeI~rliitry m(irr thau oiice iu tlight c w  ten 
years, the sriwessfiil forecasting tliebreof, in eveiy instaare ( I f  their o(.- 
currence, spealih riiurli for the skill air11 elfit.iiwc-y o f  the Weather Bu:~%u 
forecaster. 

The following letter, clatecl Felmiary 21, 1903, was received 
by the Weather Bureau observei, a t  San Antonio, Tes., fro10 
the president of the San Jose Truck Fnrm Coinpmy: 

The daily weather forecasts aucl ~~artiiwlnrly the cold-wa\ e narnings 
of the recent cold snap. liave hreu o f  ine~t in~al i le  .ialue t t )  us. I t  was 
only through carrf ul  at tent i on  t ci  the forecast + ftwrn t Ire Wwt  her BII  r m i i  
and promptly avting on tlit. warniiigs that wc hait! iirniiage~l to bring 
through, without loss ( i f  a plant. our  crti11 of 35 acres of tomatoes. 

Gales of unusual severity prevailecl on the North Atlantic 
coast of the United States during February 16 and 17, while 
in New England snow fell to the depth of 15 to 20 inches. 

The Boston Globe of February 18 coiniiientecl as follows re- 
garding this storm : 

The biggest storm that Bi)ston has RWII for at least firr years cclaseil 
yesterday, although iLs effrct5 will be felt for hr\elal ilngs get. ?lie 
storm was heraltlrd by tlrr Weather Brirean Sunclay uiglit. Thib gal  P 
sea captailis more than eighteen hours notiw aiid clciubtless snretl nraiiy 
vessels and lives. 

The other Boston papers also made favorable mention of the 
storm warnings and forecasts. 

The unpreceded floods iu the lower Mississippi Valley in the 
spring of 1903 and the disastrous floods of May and June in 
the lower Mississippi ancl upper Mississippi valleys are dis- 
cussed under the heading “ RiverH and tioocls.” 

The quotations from the public press made in this report 
are but a few of the many favoralde coniwents that reach this 
ofice. They are prodaced as impartial testimony to the high 
average verification of the important warnings of tlie Bureau 
ancl as unofficial evidence that the expenditure of one and a 
quarter million of dollars brings an adequate return to the 
commerce ancl industries of the country. 

WEATHER M.115. 

The Weather Bureau issues each morning, excepting Sun- 
days ancl holidays, about 25,000 maps that present graphically 
ancl by text and tables the weather conditions throughout the 
United States and Canada at  8 a. m., seventy-fifth meridian 
t h e .  About 50 per cent of the maps are prepared a t  23 of 
tlie larger stations of the Bureau by what is known as the 
chalk-plate process; tlie others are prepared at  71 of the less 
important stations by the milliograph, or was-stencil process. 
All of the maps issued a t  stations are about 11 by 16 inches 
in size. The chalk-plate process of i m p  iiiakiiig has proved 
satisfactory. By this process the inechaiiicnl part of map 
niaking can be expeditiously performed, and an unlimited 
iiuinber of maps can be issued. The iiiilliograpli process, while 
fairly satisfactory as regards tlie character of the work that 
can be performed, ncliuits only of a small edition of maps, and 
in, therefore, unsuited to the requirements of large stations. 

Experiiiiental work in preparing clialk-plate n i a p  of a larger 
size than those now issued a t  tlie more iiii1mrtant stations has 
been conducted with a view of meeting an increasing demand 
from :dl sections of the country for maps that contain more 
complete weather data than can be published on tlie small 
iuaps now issued. The result of this work lias been a practical 
demonstration of tlie feasibility of making maps about 28 by 
16 iiiclies in size (corresponding in size and make-up to the 
nlap issued a t  the central otfice a t  Washingtqn) that will con- 
tniii reports from all Weather Bureau stations, and also pre- 
sent graphically by syinl)ols, lines, and shadings the mind and 
weather, barometric preysure. temperature, and rainfall 
throughout the entire region of observation. 

The clemaiid upon the Weather Bureau for maps of this 
character conies from commercial, agricultural, marine, and 
other interests; from educational institntions, and the general 
public. It can be met by equippiug 20 of the iiiore important 
stations of the Bureau with outfits for issuing the large chalk- 
plate iiinps, aiid transferring the present chalk-plate equipments 
to srnaller stations, there to replace the niilliograph process. 

The approxiinate cost of equipping 20 stations for tlie issue 
of large chalk-plate maps, ani1 80 stations with the small chalk- 
plate iiinp, incliicling printing material and presses, stereotyp- 
ing outfits, rent, power, ancl pay of printers, is $110,000, of 
which $40,000 is for assistance. 

As the weather iiiaps afford tlie only effective means pos- 
sessed l y  the Weather Bureau for promptly placing before tlie 
public its daily observations ancl summaries, the improvement 
and extension of the maps along the lines indicated is urgently 
recommendecl. To carry out during the next fiscal year one- 
half of the plan outlined above i t  is recoioinended that $35,000 
be sclcled to the appropriation for “ general expenses ” outside 
of Wasliiiigton, and $%),000 to the appropriation for salaries. 

SCIENC’E AND RESEARCH. 
BA KOMETET. 

The result of Prof. Frank H. Bigelow’s discussion of the 
bnrometry observations that were made during the years from 
1871 to 1900 have been incorporated in the Report of the 
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Chief of the Weather Bureau, 1900-1901, Vol. 11, '' The Bar- 
ometry of the United States, Canada, and the West Indies." 
The data contained therein have .been made the standard for 
the Weather Bureau, and the portions pertaining to the sev- 
eral stations have been put  in operation, so that the barometry 
system has been made as efficient as possible in conformity 
with the best scientific models. 

The adopted station elevations will be used as points of 
reference by local and general surveys; the nornials of pres- 
sure, temperature, and vapor tension will be valuable in all 
meteorological and climntological studies; the variations of 
the pressure with the months, and from year to yesr, will be 
used in studying the effects of solar radiation upon weather 
conditions generall!., and especially in laying a basis for sea- 
sonal forecasts. 

The reductions of pressure have been made by suitable 
tables from the stations to the sea-level plane, ancl the syn- 
chronous isobars are used in constructing the daily weather 
maps. Besides this reduction to sea level, reductions of pres- 
sure to the 3500-foot plane have been made, which is at the 
average height of the plateau stations, and also to the 10,000- 
foot plane, which is located in the upper part of the ordinary 
cyclones and anticyclones. Daily reports of the pressures on 
these planes have been received 1)y mail from the outlying 
stations in the United States ancl Canacla, a i d  these inail reports 
are being used in forming charts on the higher levels, wlierely 
the structure of storms cnn be suitably stuclied for the first 
time in the history of meteorology. 

This preliminary study will be continued for one year before 
rendering a report on the value of these high-level charts in 
practical forecasting. At present the indications are that they 
will be more eflicient than was anticipated, ani1 they certainly 
open a new field of investigation of the utmost importance in 
furthering our knowledge of the circulation of the atmos- 
phere. Professor Bigelow believes that they have for the first 
time shown us positively what is the true structure of storms, 
and that they point unmist:tkably to a theory which will super- 
sede those heretofore published in meteorological literature. 
It should be noted that three independent researches have 
converged upon the same result and that they mutually con- 
firm one another, namely: 

(1) The average circulation as derived from the auxiliary 
cloud maps used i n  the forecast division. 

(2) The theodolite ancl nephoscope observations made by the 
We:tther Bureau in 1896-97. 

(3) The isobars constructed by the barometric reductions 
just mentioned. 

These show th%t the general circulation and the local circu- 
lation merge into one another and form the observed cyclones 
and anticyclones,; that the source of energy for the general 
circulation is the  sun'^ radiation in the Tropics, and for the 
local disturbance the counterflow ancl underflow of low-level 
currents of different temperatures between the tropical and 
the polar zones. This result excludes three well-known theo- 
ries: (1) The local overheating of the surface strata; (2 )  the 
latent heat of the condensation of the aqueous vapor; and, 
(3) the eddies attributed to diEerence of velocities of adjacent 
strata. Storms are actually more complicatecl than was sup- 
posed, ancl it will require some careful work to finish up the 
subject, but the prospect of obtaining a satisfactory outcome 
is now promising. 

Besides this work on the inechauics of the local cyclones, 
the nephoscope observations made in the West Indies in the 
years 1899-1903 are being discussed by Professor Bigelom-, 
who hopes to derive therefrom more definite results regarding 
the circulation of the air in the Tropics and in the formation 
of the trade winds. 

The data are being collected for a report on temperatures 
and vapor tensions, with the view of ultimately constructing 

high-level isotherms and vapor lines in connection with the 
above-mentioned isobars. 

It 
is all highly important to the science of meteorology. 

This work has been the special field of Professor Bigelow. 

METEOROLOGICAL INVESTIGATIONS. 

The Weather Bureau has also been carrying on for some years 
an investigation into the fundamental problems as to the true 
causes of the weather conditions in the United States, the ulti- 
mate purpose of which is to improve the forecasts issued for a 
day or two in advance, and, if possible, to discover some basis 
for a scientific forecast of the seasonal variations from year to 
year. Snf-licient progress has been made in practical methods 
to justify a summary of the work already done, and especially 
to point out the s t e p  which should be taken to secure to mete- 
orology a positive advance as a science and as an art  of com- 
mercial utility. The methods a t  present employed in making 
up the daily forecasts are substantially the same that were de- 
vised a t  the time the Government service was established in 
ISSO. Every effort has been macle to bring the system to per- 
fection, and much labor has been devoted to the study of the 
sea-level charts upon which it is based in order to secure the best 
results in forecasting that are possible with that kind of data, 
namely, the isobars, isotherms, wind velocities and directions, 
and precipitation areas. ns publ i shd  on the daily weather maps. 
Yet it has been impracticable to avoid a certain class of errors in 
reading these charts, though a sufficient17 high average of cor- 
rect forecasting has been mniiitaiiied to justify the expense of 
the service; h i t  it is apparent that much labor in research is 
justifiable where there is a fair promise of an ultimate improve- 
ment in successful forecasting. The mistakes in judging the 
iininediate development of the sea-level maps consist usually 
in an error as to (1) the direction of the storm track, (2) the 
rapidity of its onward march, (3) the intensity of its action, 
and (4) the location of the accompanying rainfall areas. There- 
fore any improvement of the system of forecasting must have 
an especial regard to these four points. 

STITDY or C'TCI.ONE~ m r )  ITS VALUE F ~ J R  DAILY FORECASTS. 

Before mentioning the results of recent researches i t  is 
proper bo enumerate the most important theories regarding 
the circulation of the atmosphere generally and locally in 
order to contrast them with the new theory. 

Qe.)irmZ ci,.cuIufio)i.-Professor Ferrel's theory was practically 
undisputed by meteorologists until the cloud observations made 
by the Weather Bureau in 1896-97, published in the Report 
of the Chief of the Weather Bureau for 1898-99, indicated that 
it must be greatly inodifiecl to match the true circulation of the 
atmosphere. The European and Asiatic observations made at 
the same time, the results having been publishecl by Hilde- 
branclsson for the international committee in 1903, are in 
agreement on this point with those of the Weather Bureau. 
Ferrel reasoned as follows : The sun's radiation heats the air 
in the tropical zones, causes it to rise upward nnd then to flow 
poleward in the high strata, and return to the Tropics in the 
low strata near the surface. The rotation of the earth, whose 
atmosphere is thus heated, causes an eastward rapid drift in 
zones north of 30' latitude and a westward drift in the tropical 
zones. 

Now, as a matter of fact, our clouil observations showed for 
the United States that in the upper strata there is no such 
northward current as Ferrel assumed to exist. The flow from 
the Tropics to the poles is not in the higher levels, but in the 
lower levels up to 3 or 4 miles elevation, and not above that 
height. There are strong currents of warm nir which flow 
from the Tropics into the temperate zones a t  low levels, and 
there they meet the cold currents flowing southward from the 
polar regions. These counterflowing currents, which a t  the 
same time underflow the eastward drift in the upper strata, 
possess the thermal energy necessary to generate cyclones and 
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anticlyclones, and the natural function of these gyrating masses 
of air of different temperatures is to bring back to  an equi- 
librium the thermal state of the atmosphere, which is being 
continually disturbed by the sun’s radiation falling upon the 
tropical zones. 

Local circtrlatioji.-There are three distinct theories which 
have been strongly advocated by students to explain the ori- 
gin of cyclones and anticyclones: (1) The Ferrel vertical con- 
vection theory, (2) the German vertical convection theory, 
and (3) the dynamic eddy theory. It is not practicable to 
describe these in detail, bu t  the principal ideas are as follows: 

(1) Ferrel conceived his local cyclone as similar to his gen- 
eral cyclone, and illustrated i t  by heating at  the center of the 
lower surface a mass of water contained ill a cylindrical vessel, 
turning i t  a t  the3ame time bodily about its vertical axis. This 
makes the water flow in certain r h r d  curves, since i t  is the 
same mass of water iu motion. We now know from recent 
observations that the air simply flows once through a cyclone. 
and that new masses of air are constantly involved. so that 
Ferrel’s idea can not be true. For  a central source of heat 
Ferrel accepted Espy’s view, that the latent heat of condensa- 
tion due to rainfall is the source of the vertical current. There 
are, however, ~nany fully formed cyclones that  are practically 
dry, SO that the latent heat can not  l)e more than a secondary 
source of energy in the production of storms. though i t  may 
intensify a given cyclone. 

(2) The German vortex is iiiuch nearer to  the facts of nature, 
because i t  is not limited to a fixed mass of air, but  allows new 
air to stream through it. I n  this case we have a central part  
with a vertical velocity surrounded by currents flowing only 
in horizontal directions, ancl suddenly liftecl 011 reaching the 
central core. I n  this vortex tlie central vertical velocity in- 
creases in proportion to the height, and i t  would become enor- 
mous in the upper strata. Recently discovered facts do not 
sustain these ideas very well, and they must be much modi- 
fied. The German vortex theory, as well as the Ferrel vortex, 
has relied upon the latent heat of condensation for the central 
rising current, but  there are several intractable difficulties 
which stand in the may of accepting either of these theories. 
Indeed, so strong have these objections appeared to some stu- 
dents that  they have ahandonecl the convection theories de- 
pencling on thermal energy and have taken up the purely 
mechanical or  dynamic theory of eddies. 

(3) The eclcly theory coiisiclers the cyclones as simply whirl- 
pools produced by currents floning past each other a t  different 
velocities, especially in the temperate zones. much as eddies 
are formed in a rapid stream of water. I t  is only necessary 
to note that  cyclones form frequently and numerously in the 
Southern States, that  is, in the midst of the high pressure 
belt, where there is no rapid metion east or west of any kind; 
that the ac1j:acent strata in the teinperate zones clo not have 
sufficient clifferences of eastn arc1 velocity to  stir up genuine 
eddies on a large scale; and that over Asia nnd the Pwific 
Ocean, where siinilar eastward Velocities prevail, there are 
practically no cyclones as comparecl with the number in North 
America, the North Atlantic Ocean, and Europe. 

Professor Bigelom has found the conditions of this complex 
problem generally satistied by admitting the counterflow and 
underflow of currents of different temperatures at low eleva- 
tions, such as have been declncecl from 0111- observations on tlie 
flow of the atmosphere, and from our new barometric retluctions 
to  the 3500-foot plane anel the l(),OOO-foot plane. It, will be ne- 
cessary to give more detailed attention to these results, ns get 
unpublished, except for one paper in  tlie M o N T H L Y  WEATHER 
REVIEW in February, 1903. The importance of arriving a t  the 
correct structure of cyclones, or the configuration of the curves 
through which the air circulates in them, is so great that i t  has 
been discussed in three indepeiicleut ways, which mutually 
sustain one another by coming to the sathe result. 

(a) The first method consisted in taking the cloucl maps used 
as auxiliaries in forecasting, selecting -10 or  50 maps in a series 
of years having the same region for the storm center, as the 
Lake region, and computing the resultant motions in all the 
minor areas of the cyclone. There was published in the cloud 
report a series of such resultant cyclones for the sea level, the 
cumulus cloud level, 1 to 2 miles high, and for the cirrus cloud 
level, 5 to 7 miles high. 

( b)  To carry out the second method, theodolite observations 
were l n d e  at  Washington for one year, May, 1896, to May, 
1897, and nephoscope observations were conducted simulta- 
neously at  14 stations scattered quite regularly to the east of 
the Rocky Mountains, upon the cloucl motions in nine different 
cloud levels from the surface of the ground up to the cirrus 
level, and in each of these the actual velocity was measured or 
found by computntions. From these data a structure was 
obtained for the cyclone in agreement with that of the first 
metliocl. 

(f’) Finally, the barometry observations taken in the United 
States since 1873 have been reduced to a homogeneous system, 
nncl all the necessary corrections have been applied to  make 
the series from January 1 of that year up to the present time 
strictly comparable. From these data, and with tlie help of 
tlie temperature gradients found froin the observations made 
cluring the kite ascensious of 1898 in the Mississippi Valley, 
toge tlier with the available European balloon ascensions, it 
AI a s  possible to construct nor~ual  inaps of tlie pressure, ten)- 
perature, ancl vapor tension on the sen-level plane, the 3500- 
foot plane. aiid the 10,000-foot plane, for the twelve months 
of the gear. 

Also, reduction tables were constructed to facilitate fincling 
tlie pressure daily 011 these three planes a t  about 160 stations 
in the United States. The sea-level reductions have been used 
since ,January 1, 1902, in making the weather maps eniployed 
in forecast work anel issued to tlie public at  several centers. 
Since December 1, 1903, the reduced pressures on the 3500- 
foot plane and the 10.0W-foot plane have been sent to TVash- 
ingtoii on postal cards, whereby the imps on the higher planes 
are drawn for comparison with the sea-level charts. At the 
present writing Professor Bigelow has examined these maps 
for six months, with the following general conclusions: 

(1) The high-level isobars give precisely the mme configu- 
rations for the structure of cyclones ancl anticyclones as were 
obtained from the cloud charts and the direct instrumental 
observations, S O  that  the barometry report. in’ the Report of 
the Chief of the Weather Bureau, 1900-1901, confirms the 
results of the cloucl report. 

( 2 )  The great advantage pertaining to this isobaric system is 
that the details are given on the upper levels in great abun- 
clnnce and variety, anel they serve for studying these nieteor- 
ological problems in many different aspects. I t  will be possible 
only by preparing a special report on the subject, which is 
now in process of construction, to  give any iden of the new 
iiiforiiiation contained in these high-level charts, ancl we hope 
to issue this report within the coiiiing year. 

(3) It may he stated in this place that the cyclones are 
formed by currents flowing into the temperate zones from 
either side in the low levels, that is, a mile or  t no  above the 
ground, where, by the intermixing and the change of elevation 
which is induced by their cliffereace of temperature, they came 
the gyrations usually observed at’ the surface in the low ancl 
high pressure areas. If a warin current underflow a relatively 
cold current. the lower air rises, cools its vapor contents, and 
precipitates the saiiie over wide areas. Precipitation is due 
to the lifting of the air in part by dynamic vortices %here the 
isobars are closed curves and in part by underflowing warm, 
maid sheets of air, which are not vortices. There are niaiiy 
examples of the fact that  the warni and moist southerly cur- 
rents of the 3500-foot level, underflow the cold currents drifting 



630 
s 

MONTEILY WEATHER REVIEW. $SUMMARY, 1909 

eastward a t  the 10,000-foot level and precipitate their contents 
of moisture over large areas. These upper-level maps, a t  least 
in the six months from November to April, inclusive, most 
eficiently supplement the rainfall forecast indicated by the 
usual sen-level maps, and in many instances they clearly show 
the rain area for the nest thirty-six hours, while the sea-level 
weather map fails to give such information with the necessary 
distinctness. This conclusion is very promising, as indicating 
a probable improvement in the rain forecasts in the winter 
months. In the summer the system is different from that of 
the winter, and it is not possible a t  present to make any state- 
ment regarding the efficiency in the warm season. 

(4) It happens that on the upper levels the direction of the 
storm track may often be shown by the trend of the isobars 
on the 10,000-fmt plane. If these slope to the northeast the 
cyclone usually moves in that direction; if to the southeast i t  
still follows them. Thus, instead of conjecturing in which of 
two possible paths the storm center will advance, it is practi- 
cable to select the one i t  usually will follow by reference to 
the upper isobars. Furthermore, the density of the isobars 
on tlie 10,000-foot plane, that  is, the closeness with which 
they are packed together, is a very strong indication of tlie 
relative velocity with which the cyclone will move. If they 
are close together it will aclvnnce rapidly; if they :we wide 
apart or straggling i t  will move slowly. The difference in 
relocity between the cyclones of January and  &lay, for example, 
is a good illustration of this law, and i t  is likely that n suita1)le 
study of this subject will enable the forecaster to judge muc*li 
more accurately of the storm’s progress than has been powible 
from the sea-level charts.alone. 

( 5 )  The penetrating power of cyclones and anticyclones into 
the higher levels is distinctly shown by the changing configu- 
ration of the isobars on the three successive planes. The nu~u- 
ber of closed isobars, within which a purely vortex motion with 
a vertical component can alone exist, diminishes from the sur- 
face upward; the closed isobars change into sinuous curves be- 
fore they ultimately disappear in the swiftly moving eastward 
drift of the high levels. It lias been shown that in the case of 
hurricanes the penetration reaches powerfully to the cirrus 
level, G miles from tlie surface, and with precisely the same 
typical configuration for the circulation. There are niany 
other interesting features which are contained in this series of 
charts, but i t  will be proper to reserve them for further study 
before expressing conclusions regarding them. Enough has 
already been discovered to inspire a feeling of confidence that 
the high-level charts will efficiently supplement the sen-level 
charts, ancl in some cases supersede them in forecasting use- 
fulness. It is possible to telegraph the data needed for con- 
structing thein by adding one word to the forecast code, such 
as a word of the 1,arometer-temperature type, and a single 
clerk can draw the two sets of upper isobars while the usual 
sea-level charts are being made. I t  will require considerable 
stncly on the part of the Forecast Division to thoroughly digest 
the new material and overcoine a feeling of strangeness. Thus, 
in cold waves we see on the sea-level plane a very high pres- 
sure, but  on the 10,000-foot plane a distinct low pressure over 
it. The new charts also will dispel niany erroneous concep- 
tions now held by the public regarding the true theory of 
storlus. 

THE PROBLEM OF 8EASON.41. FORF:C‘AST\ FOR A TEAR 

I t  is a very difficult piece of science that is involved in the 
attempt to place the forecasts of the seasons for a year in 
advance upon a reliable basis, hecause i t  will be necessary to 
take account of several interrelated processes in nature, which 
depend upon the circulation of the atmosphere of the sun and 
of the earth. 

“The science of meteorology is not to be confined to the 
atmosphere of the earth; because the clianges in the action 
of the atmosphere of the sun prececle the variations in the 

Professor Bigelow states that: 

earth’s air, which finally culminate in a certain type of 
season. Thus, wet and dry seasons, warm and cold summers 
and winters, and all the other climatic differences first depend 
upon the persistence of special high and low areas of pressure 
in one locality or another; these go back to the circulation of 
the great currents in the atmosphere, which seem to surge 
back ancl forth from one side of the earth to the other, or from 
the oceans to the continents; finally, these currents are prob- 
ably due to the solar radiation, which itself changes with the 
output of energy from the interior of the sun. Thus, meteor- 
ology is really a very closely allied but dificult branch of solar 
physics, ancl it ought to be studied with the aid of a fully 
equipped observatory devoted especially to such researches. 
On the sun we count up t,he number of hydrogen flames or 
prominences seen on the edge of the disk from clay to day, 
and, from a discussion of the thirty years’ record in hand, 
they are known to vary strongly from year to year. Similarly, 
the faculce and spots have their fluctuations in synchronous 
cycles, ancl these have been studied for many years. Further- 
more, the sun emits energy in the form of radiant light and 
iuvisible heat, and by means of suitable spectrum observations 
tlie variable atnount of this light, and especially the invisible 
heat, can be registered from clay to day and from year to year. 
The result of these records is to indicate that the sun is in 
fact a great, variable star, and that terrestrial weather changes 
in close synchronism with it. There is yet another register 
of the energ? emitted by the sun t,o be found in the variations 
of the earth s electrical and magnetic fields, which is perhaps 
the most sensitive of all, a d  certainly the most accessible to 
our measures. The newly discovered action of ions in the 
atniospheres of the sun ancl the earth, respectively, which are 
now believed to be the basis of the electrical and magnetic 
manifestations, is affording much information upon this obscure 
subject, and is full of promise in practical investigations. 
Langley has announced that the invisible radiant heat energy, 
as measured in his bolographs, varies from season to season 
and from year to year. The passage of an eclipse shadow 
through the atmosphere changes the atmospheric magnetism 
and electricity in the same way that clay and night modify 
then--by cutt>ing out the sun's rays. In short, the entire 
field of cosinical processes forms a complex problem which 
especially concerns the meteorologist, and by him should he 
stucliecl out for the benefit of mankind, whose life and liappi- 
uess depend SO largely npon the weather.” 

>I( b11XT WEATH EH REhE 4RCH 0BSEEY’ATOF:Y. 

The Weather Bureau is so far convinced of the importance 
of finding out the laws of this cosniical phpics .  by which 
alone the probleiu can be conclusively solved, that  i t  has been 
thought proper to  found a research observatory a t  Mount 
Wenther, on the crest of the Blue Ridge Mountains, about G 
miles from Blueiuont, Va., and equip it suitably for these 
investigations. Professor Bigelow has recently lwcn placed 
in charge of supervising the plnns for its construction and 
development upon the best modern principles. It is evident 
that such an institution, having its beginning in the early 
years of the twentieth century, will have an increased useful- 
ness as the years go by, if i t  is organized according to the 
demands of the best science. It will require fine instruments 
ancl able students if i t  is to comniaud the respect of the scien- 
tific world. The subject of solar physics has already grown 
to such proportions that tlie British Association for the 
Advancement of Science has set off a solar phjsics section 
from astronomy and mathematics; the solar physics obserra- 
tory a t  South Kensington, under the able directorship of Sir 
Noriuan Lockyer, is putting forth valuable results; the solar 
observations by the Italians for the past thirty years have 
become invaluable as a basis for these studies; the observatory 
a t  Ralocsa, Hungary, and that a t  Zurich are known to all 
students for their important publications. Less directly, sev- 
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era1 of the great astronomical observatories are deriving some 
of their most valuable dispoveries in astrophysics, which is 
simply another name for stellar meteorology. Thus, Potsdam, 
Paris, Lick, Yerkes, Harvard, and other institutions are working 
zealously along these lined and filling out the realm of human 
knowledge in a fashion undreamed of a generation ago. It 
may be asked why, with all this wealth of material being 
secured in other places, i t  should be important for thelveather 
Bureau to enter upon these studies as well. The answer is 
simple. These observatories, for one thing, specialize along 
certain lines, and i t  is evident that there should be a t  least 
one institution in the United States where these results are 
brought together and stuclied side by side, so that their com- 
bined result a t  given time can be worked out harmoniously 
and correlated with the prevailing weather conditions. Fur- 
thermore, the publications of these several observatories are 
issued from the press as much as two to four years after the 
observations are actually made, so that i t  is obvious that these 
late reports can have little value in practical forecasting. liTe 
have no intention to enter upon the advanced research prob- 
lems which rightly belong to specialists, but rather to adapt 
to the uses of the meteorologist and the forecaster such portions 
of the well-known types of observatories as seem to be practi- 
cable for the immediate uses of the Weather Bureau. 

Specifically, the plan in mind contemplates the development 
of an observatory as indicated in the following statement: 

(1) An observatory building is in process of erection a t  
Mount Weather, which is well aclapteil as a school of instruc- 
tion and for making observations of the ordinary kind with 
the common meteorological instruments, barometers, ther- 
mometers, wind and rain gages, nephoscopes, theodolites. and 
actinometers. The first floor is for administration, the second 
for living quarters, the third for laboratories, and the roof for 
observing. 

( 2 )  Plans are being prepared for a plant adapted to gener- 
ate large quantities of hydrogen, for balloon ascensions, in- 
cluding a shop for the construction of balloons and kites. 
The ascensions will be limited to about 4 miles in height, our 
immediate purpose being to measure the temperatures ancl 
thermal gradients, which will enable us to construct daily 
isothermal charts on the two upper planes already described, 
SO as to provide isotherms as well as isobars on the high levels. 
It is proposed to make a complete series of ascensions first a t  
Mount Weather, and afterwards in different portions of the 
United States, in order to observe the temperature conditions 
in all classes of cyclones and anticyclones. We may attempt 
some high ascensions, LIP to 10 or 12 miles from the ground, 
when our experience and other condit,ions warrant, but, since 
storm movements are practically limited to the strata within 
4 miles of the ground, the first group of ascensions will be to 
moderate elevations. 

(3 )  It seems important to install a high-grade bolometer for 
measuring the invisible solar radiation, which is thought by 
some students to be largely responsible for the actual temper- 
ature of the upper atmosphere. Also, a first-class spectro- 
heliograph is required for keeping a record of the solar promi- 
nences, facula, and spots prevailing a t  the time of making our 
weather forecasts. These two instruments are the essentials 
of an efficient solar physics observatory, and would require the 
services of an able student of physics to bring out the best 
results and discuss them efficiently in suitable reports. 

(4) These records should evidently be supplemented by an 
observatory equipped with modern instruments for observa- 
tions in atmospheric electricity and in magnetism, and we note 
that a number of valuable new instruments have been invented 
in recent years which we can use. The special subject of this 
research is the behavior of ions in the atmosphere as fore- 
runners of weather conditions. 

Generally, the idea is to bring together for study under one 

direction the most valuable and practicable observations hav- 
ing a direct bearing on the higher meteorology, which is now 
engaging the attention of many able physicists and astrono- 
mers. I n  this field are found the best esamples of physical 
and mathematical problems, because it is nature’s great labo- 
ratory. The atmospheric conditions a t  Mount Weather are 
superb, the site being 1800 feet above the sea level, on a ridge 
overlooking the wide Shenancloah Valley to the west and the 
plains of Virginia to the east. An equipment a t  that place, 
such AS is contemplated, will induce a great scientific activity 
and generate an intellectual atinosphere highly favorable to 
the best scholarship. The assistants in charge of the various 
lines of work will form a strong corps of teachers, who will 
instruct a new generation of men in the great problems of 
meteorology, which are destined to occupy the attention of 
mankind in an increasing ratio with the lapse of time. If the 
equipment be made up of the very best instruments sad able 
students secured to use them, aiicl especially if patience be 
manifested in allowing the (lata to accumulate and be studied 
in the proper way, an improvement in forecasting for America 
should be assured. This institution is to be planned for con- 
tinuous work in the future, and it  is not supposed that it8 
eEect on forecasting will be immediately manifest, because of 
the difficulty ancl complexity of the problems involved. One 
thing is certain, that the founding of such a research institu- 
tion is the true scientific way to provide for the future, in as- 
surance that the natural clifficulties will finally yield to human 
persistency and intelligence. 

TELEGRAPH DIVISION. 
Our relations with the principal telegraph companies trans- 

acting the steadily increasing telegraph businehs of this Bureau 
hare, in the main, continued satisfactory. Complaints of delajs 
and other faults in the transmission or delivery of telegrams 
have, as a rule, received prompt attention and corrective action. 
Special acknowledgment in this direction is clue to the local 
managers of the two principal telegraph companies in this 
city, whose unvarying zeal and courtesy have contributed 
much toward the prompt investigation of complaints and the 
application of corrective measures where called for. 

The total mileage of telegraph and telephone lines controlled 
by this Bureau was increased from 367 miles, a t  the date of last 
report, to 421 miles, by the construction and equipment of the 
following new sections: 

(1) From P:tcific City (Fort Canby), Wash., to North Head, 
Wash., 3 miles; completed August 1, 1902. This section con- 
uects the observation and storm-warning display station at  
North Head with the general telegraph bystem, and its value 
inas be judged by the following extract from an editorial in 
the Portland (Oreg.) Oregonian of November 11, 1902, viz: 

With the exception of the light-1iouf.e  en i(*e along the (kegon ant1 
Washington coasts, no greater aid to shipping bound for the  Columbia 
Eiver has ever heen extended than by the recent estaljli.;hment of a 
reiirirting btation a t  North Head. * * * The w r k  of the Weather 
I3ureau in this direction has lwen of great benefit to the agricultiiral ant1 
shipping interests of this district, but no branch o f  the sertice has shown 
its  value more effectively than has the reporting station a t  the nlouth of 
the Columbia River. 

Vessel and weather reports are nom telephoned direct from 
North Head to Portland, Oreg., for distribution. 

(2) Nine niiles of submarine cable from Key West, Fla., to 
the oflice of the newly established vessel-reporting and storm- 
warning display station on Sand Key Island, Fla. This con- 
nection was completed on February 26, 1903, and serves the 
important purpose of reporting to the maritime exchanges at  
New Orleans and other points the passing of vessels to or from 
Gulf ports and the occurrence of any marine casualties in the 
vicinity; also for the display of storm warnings a t  critical 
seasons. 

(3) A submarine cable from Point Reyes Light, Cal., to South- 
east Farallon Island, Cal., 239 miles in length, with about 34 
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miles of land line. This cable was successfully laid and put  
into operation on April 14, 1903, for observation and vessel- 
reporting purposes, connecting a t  Point Reyes with the old 
line to San Francisco; bu t  only twelve days later it was fouled 
by the anchor of the steamer South Portland and cut in two by 
the captain’s orders, who claims such action to have been neces- 
sary to save his vessel. This occurred off Drake’s Bay, about 
1 mile from the cable landing a t  Point Reyes. The cable h?s 
since been recovered and repaired. 
(4) A two-wire land line from Bluemont, Va., to the observa- 

tory now under construction on Mount, Weather, Va., a distance 
of about G miles. 

(5) Eight miles of submarine cable and 2 miles of land line 
from Glen Haven, Mich., to the newly established storm- 
warning displaj  station on South Manitou Island, Lake Michi- 
gan. This work was done under the personal direction of Mr. 
J .  H. Robinson, superintendent of telegraph, mho also super- 
vised the erection of a steel storm-warning tower on the island. 
The cable was laid on May 9, 1903, ani1 the station put into 
operation a few clays later. 

I n  connection with the South RIanitou Islancl line, i t  shoiiltl 
be mentioned that the employees of the light-house and life- 
saving services am1 other residents are very desirous of having 
this Bureau extend its cable line froiu South Manitou to Nortli 
Maniton Island. while  on the ground, Mr. Robinson macle 
inquiry as t,o the benefit such a line would be to lake naviga- 
tion, and learned that i t  would 1)e useful in reporting ancl con- 
veying orders to vessels that  seek tlie North Manitou Harbor, 
and that  the island would also be a valuable point for the dis- 
play of storm warnings. By utilizing the spare cable stored 
at  Charlevois the connection could be made and a steel tower 
erected on North Manitou for $2000 or less. It is, therefore, 
recommended that  the nest  Congress be asked for an appro- 
priation of $2000 for this purpose. 

Telegraphic connection with Tatoosh Island, Wasli., was re- 
established during November. 1002, by means of a steel span 
wire, in lieu of the old submarine cable that failed in 1898; 
but  the estraortlinary difficulties encountered in the construc- 
tion and inaintenance of a land line to Cape Flattery, which 
for the past twenty years have rendered telegraphic communi- 
cation with this important outpost exceedingly precarious in 
spite of our best efforts, call for different methods of meeting 
the urgent demands for regulnr, uninterrupted weather nncl 
vessel reports from Tatoosh Island. An all-cable line from 
Port  Angeletl to  Tatoosh Island offers the only practical soln- 
tion of the problem. This, together with a cable froin Flavel. 
Oreg., to Fort  Canby, Wash., which is necessary for the better- 
ment of the North Head weather and vessel reporting service. 
calls for an appropriation of $90,000. It is recommended Con- 
gress be asked to allow $15,000 with which to  lay the Flavel- 
Canby part  nest  yenr. 

An additionnl appropriation of $10,000 is recoiiimencled for 
the much-needed reconstruction of the important Hatteras 
line, including an extension of the same to Roanoke Island. 

Action to equip the Point Reyes-San Francisco line with 
hard-clrawn copper wire, in lieu of the old iron wire now in 
use, will be taken during the present year. 

An attempt was macle during last August to recover and 
repair the old Signal Service cable from Narragansett, R. I., 
to Block Island, which hac1 been transferred to  this Bureau. 
The cable, however, was found to be practically worthless for 
further use, and the attempt had to be abandoned. The 
Weather Bureau cable to  Block Island, laic1 in 1886, became 
defective in November of 1902. I n  making repairs i t  was (lis- 
covered that this cable also was in a very bad condition and 
liable to  fail entirely a t  any time. Congress, therefore, granted 
an appropriation last winter for a new 3-conductor cable, which 
mill be laid during the present summer. 

The great demand for additional Weather Bureau reports 

This line was completed on May 8, 1903. 

from many important classes of industry renders it advisable 
to request an addition to the present appropriation for gen- 
eral expenses ” of $50,000, to be used in the distribution of 
weather observations, warnings, and forecasts by telegraph. 

The total cash receipts of the Weather Bureau lines that 
are authorized to carry commercial (paid) business, amounted 
during the year to $5288.38, of which amount $3687.58 was 
for “ this  line” (V. S.) and $3f;OO.s0 for “other l ine” tolls. 

RIVER AND FLOOD SERVICE. 
The work of the river and flood service, owing to the recent 

numerous and disastrous fltoods, has of necessity been a very 
prominent feature of the year. Several of the floods were tlie 
greatest of which there is authentic record, and were remark- 
ahle both for their wide extent and destructive character. I n  
no iustance was the coming of a dangerous flood unheralded. 
Tlie warnings were uniform, proinpt, and timely, ancl in the 
inain reinarkahly accurate. The forecasts of the great floods 
of March, April, and J~ine,  1903, afford noteworthy examples 
of the efliciency to which the River and Flood Service has at- 
tained, and will be made the subject of more extended mention 
later. The following extract froiii an editorial in the New 
Orleans Times-Democrat of April 12, 1903, testifies to the value 
of the work: 

c1.11 this grar iiiirl~r ci i t~i thernl l l i~at i~~n to the Weather 
n a t r r  news aiiil Iirrllil.tions. It has brlit the  pr1y11e 

< I f  t l lP  lo\\ el. iplii \vel1 itiforuiril (~ t ‘  \\hat t h rg  may f3SlJeCt iu the 
way uf high watvr. ani1 it? preilivtil in$ hnrl. bern sulwquentlg verified 
l’g thP facts. * * * 

:t foot tlir hriglit the river woulrl 
irac.11 a t  rariou+ 1miiits aud Ilren lcise to tlir (late of maximum hiyll 
\vatrr. x. 8. * 

Tlir clay that  the high \\:iter vonltl  rra1.h New Orleans wa? stattad 
with rrmarka1,lr aa.vnral.g, f o r  i t  hrrr nnil four \\-t.rks after 
thi5 warniug that th+. wax e rwht 

That the warning. l ike thatof a frvrzr, l iacl  a grind rffrt+, 
v I~.\-rr IJIIWII*. Itlautrrs, nnrl ~iul~lic.  yrnrrallg 
he ~ a y  o f  high n a t r r  an11 war 
t l i i . ~  ilitl 1irri)are. raising tlir 1 

+tatill t he  11owl which the  Rea 
I n  tlii.: wag. thrrrfnrr, it wntrilJuter1 not n 
11 getirrally -uc*t+r<+fiil 1 ~ 1 1 p a i y n  against tllc 

The importance of the river service to the transportation 
interests of tlie Ohio River lias been dwelt iipon a t  varioiis 
times. It is only necehsary iiow to say that upon the efticiency 
of the one largely depends the prosperity of the other, an11 
that the Weatlier Bureau lias contrihutecl much to the latter 
by maintaining in its river forecasts a high degree of accuracy, 
both during floocl and the almobt equally important low-water 
periotls. Tliwe reiiiarks applg with equal force to the remain- 
in:: river districts, where very successful work has been some- 
what overshadowed by tlie floods in tlie three great interior 
rivers. 

The best recoiiimentlation that caii be pix en work of this 
character is a cleiilancl for the brondenin,v of its field of opera- 
tions ant1 tlie extension of its Iienefits to localities not yet 
favored. Such demands have been constant and persistent, 
yet lack of the necessary funds has reudered i t  impossible to 
meet iiiore than a siiinll percentage of them. I n  several 
instances the liniitatioiis placed upon the work by lack of 
funds ha\-e Fierioiisly handicapped its eficiency and thereby 
caused loss of lives and property that might otherwise have 
been saved. The recent flood in the Kansas River was an 
unfortunate, yet none the less iiihtructi\e, case. Had tlie 
Weather Bureaii heen able to maintain mi adequate river 
serrice over this district i t  is practically certain that more 
accurate forecasth of the coming flood could have been issued 
and many lives nncl much valuable property saved as a result 
thereof. 

It has been found to be practically impossible in recent years 
to o l h i n  evt‘ii nioderately accurate estimates of the property 
saved through flood warnings. Formerly the warnings, owing 

I t  ha< pre~lictwl vitliiti a frat.& 
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to their very general nature, did not command the attention 
that the later and more specific ones compel, and interests 
were easily centered upon any marked benefits. But in these 
days the many and diverse interests that  are more or less con- 
cerned with river stages have come to look upon the river 
forecasts of the Weather Bureau, both daily ancl special, as a 
legitimate and necessary portion of their business, an always 
available, i f  not a tangible, asset. I t  is impossible to  make a 
record in dollars and cents of the benefits derived. However, 
general estimates can be made. 

The great floods of the year were those of the Red River in 
November and December, the Ohio and lower Wssissippi in 
March and April, and the lower RIissouri and upper Mississippi 
and their tributaries in May and June. The first overflowed 
a territory in sczuthwestern Arknns:rs and northwestern Louis- 
iana, approximating 200 square miles in extent, and the prop- 
erty loss amounted to over &500,000. This flood began izboiit 
November 26 and continued throughout the following month. 
On November 23 the Central Ofice a t  Washington advised that 
“all necessary precautions slioiilcl he taken for the reinoral of 
stock and property liable to be ilainagecl by tlootl.” These 
warnings were thereafter repeated clail? , grndually 1)ecoining 
more specific as to time and height of the creht stage expected, 
until all danger liad passed. The warnings were issued from 
seven to fourteen days in advance of the floods, ancl’the crest 
stages in various localities were correctly forecast to within a 
small fraction of a foot. 

Mr. H. Hawkins, secretary of the Shreveport (La.) Boaril of 
Trade, wrote as follows: 

The ~O(JCI waruing- scut out by the Wt.ather Burt-ao Iwfnie au11 duiing 
the overflow mere so a(.c.iiratt. nut1 timel) that all hatl aniplt. tiiiie tci 
protect themselves. In consequrut+ o f  %aiai wvnruing:s tlirrv WRS no 1c)trs 
of li\ e stock aut1 1iractidly no loss nf mox able prulwrty. W e  Iinrt. 1113 
data from which to roinliutr the at.tual \ aluv of l i r o ~ ~ e r t ~  tlrrenten+.(l 
b j  the overflow, 1iut it runs iuto the hnutlrrils o f  thliusautlh. C‘ertaixilx 
the Weather Bureau did wouilerful \tt)ik. 

This is but  one of the many commeuclatory letterh ttnrl presh 
notices relative to this ilnocl tliat were receiied. 

was the greatest in the recorclecl liihtory o f  that  hection, and 
its culmination was awaited with feelingh of tleepest appre- 
hension ancl concern. L41though the aggregate volnme of 
water was lesb than in the great tloocl of 1W7, yet the extension 
of existing levees ancl the building of new oneh hail still more 
restricted the natural channels, and the outcome of the new 
conditions was dificult to forecast. The test of actual expe- 
rience was necessary. Desl’ite these difficulties tlie warnings 
of the Weather Bureau were clinracterizecl liy an alniost abso- 
lute accuracy, and were issuecl from four days to  four weeks 
in advance. With stages of water higher than ever before 
known, and with the prevailing uncertainty as to the effects 
cf the new levees, the maximiiiu difference between the fore- 
casted stages and those actually recorded was only f A r f ~ r - / r w f / ~ s  
cf afoot, that being a t  New’ Orleans, where four weeks’ notice 
had been given of the coining floocl crest. The forecasts, 
however, were conditioned upon the levees remaining intact, 
and had they not broken in a few places even tliis difference, 
slight though it was, W O U I C ~  probably not have occurrecl. The 
following table shows in a concise manner the stages forecast 

The flood of March and Apr i l  in the lower RIississippi P’ hlver 

and tho& actually reached : 
Forecaata of l o w r  Afnsknippi Rii-er,floocl r r w l  singrs trctiinll 

I 

rcctchftl. 

Owing to the timely issue and effective distribution of the 
flood warnings the actual losses, beyond the inconvenience and 
delay caused by the overflowing of plantation lands, were 
comparatively small. All portable property \vas removed to 
places of safety and every possible precaution taken to protect 
that  which conlcl not be moved. 

The h o d s  of late May and early June, 1903, in the upper 
RIississippi, the lower RIissouri, and the Kansas rivers were by 
far the most destructive, and with the exception of that of 1844, 
the greatest ever experienced in these localities. The warn- 
ings for the upper Mississippi were equally as accurate as those 
for the pre\ious flood in the lower river. Ample time was 
affurclecl to every one to make all preparations that might be 
necessary, ancl if some delayed until too late, their failure to 
act iiinre 1)rc)inptly certainly can not be attributed to lack of 
eluphatic ancl accurate warnings. At St Lonix, on June 5, one 
week or niore after the flood warnings were liegun, a special 
warning was ishued that in about four days a stage of water 
in the neiglil~orlioocl of 3s feet niifiht be expected, the gauge 
reacling at that time being 38.5 feet. On JUW 10 the water 
reached the height of t?nw/!!y 88 feet and then began to recede. 
The flouclh in the ICansas Rit er ani1 in the AIissouri in the vicin- 
ity of ICansas C‘itj cvulcl be forecast only in a general way, 
owing  to the fact that  no river service was maintained on the 
I<ansas River, it having heretofore been found impossible to 
obtain sufticient funds for that  purpose. The warnings issued 
stntecl that serious floods were prol)able, higher than hall oc- 
curred for twenty years or more, but no Jetinite forecasts could 
be iiixcle on account of  lack of inforniation of any description 
froin points abore the threatenetl districts. Had the Weather 
Bnreau possessecl a11 adequate river service within the State 
of ICansas cliiring the recent flood, there is not the hlightest 
h i b t  that, while sollie lives might have been h t ,  others that 
were lost ~voulcl hale liee’n saved l ~ j  the narnings that could 
hare 1)een issued, nncl property to the value of hundreds of 
thonsnnds of dollars rescued from the general ruin. It i H  
strongly nrgecl that C‘oiigress provide the necessary funds for 
the river hervice sc) greatly needed in ICansas and inany other 
localities. 

The ileiuanclb for tlie extension of  the River and Flood Service 
are utterly lwyond the ability of the Bureau to supply. The 
niajority of these tleiuancls are necessary for tlie well-being of 
t h r  agricnltural and coinmeroial interesth of the country, and 
the cost thereof wcnulcl 1)e coin1~nrntii-ely insiguificant. A new 
service should 1 ~ e  at  r~iice iuaugurated on the Iiansas and its 
trilnittzries, on tlie Delaware, ancl in otlier lncalities, and aildi- 
tional stations supplied to ninny of tlie already existing dis- 
tricts. The telegralh service sliould also be extended in order 
that the tlaily reports. so necessary in inany localities for accu- 
rate forecahting, rimy be furnislied the various river centers. 

The work of the service hhoiilcl also be broadened so as to 
eiiibrace other and very necessary coorclinate branches. The 
volume of ater in the rirers corresponding to given stages 
in feet from the lowest water k \ e l  to tlie higliest flood plane 
s l~ou ld  be nieasuretl. Information of this character afforcls a 
truer index uf the real conditions than do the ordinary ex- 
pressions in feet, whic*h are a t  hest the nieahurecl height of the 
water above arbitrarily ascm1neil points, and are used chiefly 
hecauee t h e -  are tlie most convenient vehicle for the convey- 
ance of information to the general public. During recent 
years no connected series of discharge observations has been 
made in tlie large rivers of the country. An opportunity for 
doing a great service was lost through want of money during 
the spring floods of 1903, and  i t  is hoped that another instance 
will not f i i i r l  u s  unprepared. 

Another iinportant field as yet imperfectly developed, but  
one of first iinportance to the student of rirer rbgime, is that 
of the connection of rain and snowfall with the varying stages 
o f  the rivers. The relations between the two are subject to 

85-2 
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so many intricate and everchanging conditions of climate and 
topography that regular daily observations a t  a large number 
of places are absolutely essential if the best results are to be 
obtaineil. The minter snows in  the mountain are often the 
controlling factors in our early spring floods, and if  they are 
to  be properly reported nnmerous stations of observation 
must be proviclecl. Of equal importance nre reports of heary 
rainfalls along the headwaters of the various streams. For 
this work many special rainfall stations are necessary. 

The work of tlie River and Flood Service during the pist year 
speaks for itself. Its excellent work, while greatly lianclic*apped 
by  remon of enforced limitations, is but  an intlication o f  n-liat 
can be clone if proper facilities are 1)roviclecl. The value of 
poper ty  saved through tlie flood warnings of this year itlone 
would more than provide for the needs of this serricc. for a 
century to come, nncl I can not too strongly reconmend that 
funds amply sufficient for the wcirk be provided by C'oiigress. 

I am strongly of tlie opinion that  the time has collie a h e n  
the River and Flood Service slioulil be raisetl froin its position 
as a part of a division and given the riinlc of a dirision, with 
such a complenient of officials and clerks and suc*Ii an increase 
in the f ~ n c l s  a l l o t i d  to  its purposes as will eaable i t  to still 
further perfect and extend the r i rer  ancl fl(~ti i1 work so as to 
meet the needs of agriculture and 00111111erce. The new clivi- 
sion, i f  crentetl, sIioid(1, as is iioa the case, lie closely aftilinteil 
with tlie Forecast Division, an(l the offkin1 in charge. in SO far 
as the issuing of fiootl warnings is concernetl. remain under 
the general supervisiou of the professor in charge of tlie Fore- 
cast Division. I, therefore, have tlie honor to recomiileiitl that 
Congress I)e asked to  appropriate for one additional Ijrofessor, 
a t  $3000; one clerk, a t  $1800; one clerk, a t  61200; one clerk, 
a t  $1000, nntl one copyist. a t  $X40. But $17.000 is now sp l i t  
for the pay of special river and raiufall observers ant1 for the 
building of river gages, ancl there are no Iiienburemeiith ~iiaclc 
of tlie sectional cliscliarxe of rivers. I n  orclrdr to exteiitl the 
River and Flood Service, as hereinbefore outliiied, I n-oultl :Ao 
reconiniencl that  Coiigresh be asked to increase tlie amount 
allowed for b c  general expenses '' of the \Ireather Bureau out- 
side of Wasliinpton by $:30,(JOO. This aJclitioiia1 amount will 
enable the Weather Bureau to (lo a splenclicl service for the 
interior comn1erc.e of our country. 

The plan recommended wo~ilcl give to the chief forecaster 
of the Bureau $:30W, and tlie $2500 professorship now lielil by 
him m m i l d  1)e given to chief of the nen ri\ er aiirl f io (~d  division, 
and one district forecaster a t  $2000 would 1)e clispeuseil nith. 
The oficials referred to are men of high scientific attaiiiiuents; 
tlieg have seen xiiaiiy years of arduous service and s t i d y ;  
neither of thrni lias been engngecl in tlie wtirk for less than 
twenty years, and they are in the front rank of tlieir profes- 
sion. Tliey are tlie chief forecasters of the Weather Bureau, 
and upon the ch:tracter o f  tlieir work must rest, in great 
measiire, the ralue of tlie n eather service. Their respoasi- 
bilities are tremenclous. At times the balance between life 
ancl death hangs upon their judgment, to say nothing of the 
sn\ing or loss of inillioiis of property. The warnings of a 
single storm moving up  the dtlaiitic seahoarcl have hunclreds 
of lives and  froiii $:j,()(JO,O()O to  $5,000,0m) of property duriufr 
each storm, and tliere are a nuiiiber of these storms each year. 
Since SO mucli depenck upoii the skill aiid jutlgment of these 
men, it would certaiiily seem a nihe economy to pay tlieiu a 
fair salary for tlieir \vrork--one even larger than recommencled. 

The chief of the proposed river and flood division mill he 
charged with the supervision and proper conduct of  tlip rilrer 
service of the entire country, n-liich eren in its present par- 
tially incomplete d a t e  maintains over 300 river R Y C ~  raiiifall 
stations. Losses by a single flood. sucli as the ICiInsas Hirer 
flood of 1903, where no senice is maintained on account of 
lack of the necesnary funds, amount to more than tlie entire 
expenses of tlie river and fioocl hervice woulcl amount to  for a 

generation; and, conversely, the ralue of property saved by 
flood warnings where adequate service is inaintainecl, such as 
that  on the Ohio and Mississippi rivers during tlie spring of 
1903, amounts to  as much or more. Tliese instances of the 
 due and usefulnebs of this service are by no means isolated 
ones, bu t  are repeated in greater or less degree several times 
itanuallg. I n  the spring of 1897 the value of property saved 
clnring the IIississippi RiTTer flood as n result of the Weather 
Bureau warnings nmounteil, accortling to competent authority, 
to over #15,00~),000, and during tlie present gear even this 
enornious figure wm exceeded. 

No one can doul)t the tremeiitloiis importance of this work 
01' belittle its eft'ect upoii tlie econonlic progress and develop- 
ment of tlie country. Tlie watershed of tlie i\Iississipyi River 
alone comprises tno-tiftlis of the total area of the United 
States proper; within its coi:fines clwell more than 40 per cent 
o f  our population, and the great I d k  of our staple crops are 
grown here. It is easy to perceive, therefore, that wliatever 
affects the well-being of this wst  area will be reflected, now 
for good and now for evil, throughout our entire domain. To 
properly coiidnct a s e n  ice of tliis clinracter cleniands ability, 
lwth scientific a u ~ l  executive. of a high order. It is a work 
that requires many years of duca t ion  and stucly, a life work 
in reality, ant1 i t  is not f:tir to expect tliat a capable man shoulcl 
continue in i t  with the extreniely small salary of $2000 a year, 
n coinpensation iiiuch sinidler tlian that pi\ en to many other 
(h n eriinieiit officials whose duties are much less arclaous and 
n hose respoiisi1)ility for each clay ends with the close thereof. 

CLIBIATE A N D  CROP DIVISION. 

The Climate and Crol) Division has  charge of the climate and 
CTO~J service of the Weatlier Bureau. am1 ~f tlie ilistribution 
of its tlaily forecasth ant1 sliecinl ~triiiiigs. During the sear 
eiitled June 30, 190;3, its uork w:Jh along eStii1JliShed lines, no 
new feature 1iaiTiug been a~lcled. 

I n  the cliinate an(1 W O ~ J  worlr more tli:m 3300 voluntary 
()Lserrers aiul nearly 14,000 crop corresponclents furnish 
nieteorologicxl o h e r i  ations nnd M enther and crop reports 
that are ~iwl in the compilation of tlie nioiithly cliinatic reports 
and T\ eeklg cliinate alii1 c r q  bulletins of tlie vnriouh sections, 
n liile nboiit, 310  paid stntioiih of the corn, i t  heat, cotton, sugar. 
rice, nucl fruit senices rencler ditily telegra1)hic reports to 
designated ceiiters from which cliiily bulletinh are ishued during 
the cropgrowing h i ~ a ~ ~ n .  

In  the dissemination of forecasts through the various means 
euployetl an average t l d g  issue of fLb(J1lt 200,OUCJ weather 
forecast bulletins is accoiiiplisheil. I n  the precetling year it 
was tlirougli the rural free-delivery service o f  tlie Post-Office 
Departuieiit that tlie greatest increase in forecast distrilJution 
was efl'ectetl, but on account of lack ( ~ f  funtls it wr-ns not possible 
to  further extend the distribntion tlirougli this Tery eflective 
means of reaching the farmers. A large nii(1 very pronipt 
disseminat8ion has, however, been' accoiuplisheil, without cost 
to the BLW~RU.  through the f:trmers' telephone exchanges. 

For a U U ~ ~ J ~ P  of years 1JaSt an extensive distribution of 
weather forecasts has been acconiplibhecl through tlie coopera- 
tion of postiiiasters supplied with logotype and htaniping out- 
fits, n i th  which the brief weitther iiiessages are printed upon 
postal cards for iuailiiig t(J outlyiug towns. While this system 
has served a most useful purpose. and will contiiiue to prove 
valuable, urgeiit need l i ip  beell felt for more rapid means of 
printiiig tlie forecahts. 

Through the courtesy of the Director of the C'eiihus a snffi- 
cient iiuniber of copies of  Toliuiies containing agricultural 
stati5tics of tlie Twelfth C'enrxs was proc~ired to supply each 
section center with a bet consisting of Part I, Vul. V, and 
Part  11. Vol. 1-1. The inforimtion containeil in thebe rolumee 
has lieen used to great adrantage at  the Central Office in deter- 
mining the relatire importance of the bereral States in the 
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production of the various crops, and will prove valuable to 
the section centers in the study of climate and crop problems. 

The natioiinl Climate and Crop Bulletin has been issued in 
the usual forni, with charts showing the current temperature 
and precipitation, extremes of temperature, and departures 
froin normal of both temperature and precipitation. I n  this 
bulletin the current meteorological conditions are discussed 
in their relation to crop growth from the beginning to  the end 
of the crop season. So expeditiously are the reports of crop 
conditions and meteorological observations collected and util- 
ized that within twenty-eight hours after the clpse of the 
week ending El a. m. on Monday. there is given to the public 
in this bulletin a graphic presentation of the temperature a i d  
rainfall conditions, together with a general summary of the 
weather and crop conditions for the United States, supple- 
mented by a condensed summary for each and every State. 
I u  the preparation of the temperature ani1 precipitation cliarts 
accompanying the national Climate and Crop Bulletin tele- 
graphic data from more than -150 stations are used. The effect 
011 the markets of the information contained in tliis bulletin 
is so decided that in order to place it before tlie public in ai1 
impartial manner it is withheld until 19 noon on tlie clay of 
issue (Tuesday), when the coiuplete report is equita1)lj ant1 
gratuitously distributed to all clesiriiig it. I t  is doubtful 
mhebher any class of information receives a wider clisseiiiinatioii 
through the claily ani1 weeklj nemspapers and ngriculturid 
journals than the text ua t te r  of  the iintionnl C'lininte and C'rop 
Bulletin. Tlie press associations n n c l  a large 11m111~er of tlir 
more important newspaperb of  tlie country n i th  re1)resentntives 
in this city are served with the bulletin ns soon ns the liciur 
arrives for making the inforniatioii public. 

I n  order to inore fully meet the need of the cottuii interests 
an abridged form of the national Cliinate and Crop Bulletin, 
entitlecl '' Cotton Region Uliniate niicl Crop Bulletin," i5 issuet1 
a t  New Orleans. This publication contains hiniiiiiaries of the 
climate and crop conditions pe la i l ing  in the States of tlre 
cotton belt, duplicates of wliich :we pidi.:1itd siiiiultaneously 
in the national Climate and C r q )  Bulletin. 

N.1TIONAL CLIXATE AND CROP BULTELIN. 

p 

5CCTIIJN k'l Br,I('iTIc 

Tlie nionth1y cliiiiatic report\ and the weekly climate 311~1 
crop bulletiiis have been issued in coiiforniity nitli the stanclnr(1 

'models adopted in 1896. I n  tlieir present form they SO satis- 
factorily meet the needs for which they :we iiitezdetl tlint no 
change seems aclrisalile. Tlie demnncl for 1)oth the inoiithly 
climatic reports and the weekly climate aut1 crop bulletins, ns 
well as for the claily bulletins of the corn. wheat, vottoii, sugar. 
rice, and fruit services, is constantly incre:tsiiig. So nuiiieroiis 
have been the calls for the niniitlily c*liiiiatic reports of prei ioiis 
years that the editions uf very many sections liave lieen ex- 
hausted, notwitlistancling the fact that  tlie section directors 
have been instructed to prepare for increased cleiiicintls. Th-m 
publications answer so fully ani1 in sucli detail many iluestions 
pertaining to climate that were it not for them a ~nuch  larger 
force of clerks would be required a t  tlie Central Of f i re  to sup- 
ply requests for climatic data. Tlie annual xuniiiinries are in 
especial demand. All weekly climate and crop bulletins are 
issued on Tuesdays. nncl the monthlies as soon :ts practicalde 
after the close of each month. Most of tlie latter are reatly 
from the 15th to the Wth, and practically a11 are issued by  
the end of the niontli succeeding that to  which the report 
pertains. By a complete interchange of the monthly reports 
each section receives a11 the reports issued. These are care- 
fully filed nncl are availalde for reference a t  all t,iines. I n  
addition to  the section centers, a@ of tlie more import:uit sta- 
tions of the Bureau also receive these inontlily reports, nn(1 it, 
is frequently found a means of conreuience to refer applicants 
for informntiou contained in these repoyts to the nearest 
Weather Bureau station having a complete file. 

SNOW AND ICE BULLETINS AND THEIR USES. 
I u  the winter time there is issued from the Centrai Office 

a snow and ice bulletin, showing graphically tlie extent of the 
area covered w-ith snow and the depth; also the thickness of 
ice in rivers and harbors. This bulletin has a wide circulation, 
as the information it contains has an important bearing upon 
the minter-wheat crop, on the ice trade, and on the mannfactnre 
of rubber goods, horseshoes, etc., goods the delnand for which 
is largely governed by the prevalence of sleet or snow, 

111 the States of the semiarid region local snow bulletins are 
issued by each cliinate and crop section center froin December 
to March. These bulletins show the amount of snow and the 
depth remaining a t  the close of each month, this information 
being of great importance RS afforcling a reliable basis for 
calculating the water supply for irrigation during the SUC- 

ceeding season. I n  some States a small amount is espencled 
in obtaining snow measurements a t  high altitudes of difticult 
access where it is impossible to secure voluntary service. 

VI Bl.1 NTAKY STAT11 )Nh. 

While more than 300 voluntary stations were established 
duriiig the year. the total number, 3355, is not quite SO large 
ns a t  the close of the iirevious year. Thisis clue to the closing 
of iliniiy stations using nollstandilrd instruments in localities 
where the need for stations was not sufficiently iirgent to 
justify their equi~mient with stanclnrtl iiistruiileats. As in the 
p s t  few years, efforts have beell mainly directecl toward 
st8aid:trcIizing aiicl impuviug tlie outfits of voluntary stations 
ratlier than in iiicremiiig their iiuuilwr. The plan of inspect- 
ing loluntnry stntionr inaugurated in the previous year has 
lwei1 folloivecl vigorously. 4sl stations lialiug been inspectecl by 
srctioii clirectors during tlie p t r .  The iiuportance of these 
iiispectioiis c i m  not 1)e tuo strongly emphasized. Nothing can 
wntribute more to the successful nwrk ( i f  a voluntary station 
than a 1)ersoiid interview lwtween the observer and the sec- 
tioil director. These inqwctio therefore. have unqiiestion- 
:11)ly contrilmted niucli to  tlie iiiiintioii of ;Iefects that are 
1i:tI)Ie to exist, however careful tlie effort inny be to guard 
n p i n s t  them. While n~any  voluntary observers thoronghly 
uiiclerstancl tlieir duties and perfurm tlieni in a most, satisfac- 
tory ~iiauiier. it  is f(iund that there are few stations a t  which 
there is no opportunity for needed suggestions or instructions. 
A s  tile inspec*tions inacle in tlie previous rear  were largely 
c*onfiiie;l to btntioiis that conld be i.eiicherl without cost to the 
Um.ea11 for transl)ortation, tlie average expense, per station 
inslbectetl, duriiig the year ended June 30,1903, was somewhat 
greater than in the ~ ~ r e v i u u s  year. 

CORN, W'I~LiT,  ( (1ITl )N .  hI 1 1  \I:, 1 : I I  E, i N 1 )  FF:I'IT hEEvIC'Eh. 
The iiiiiul~er o f  thew stxtions and the iiianner of  reporting 

and ~ i i i l~ l i s l~ iup  tlnta therefrom continue unchanged. The 
vnliie of these services is becoiuing iuore widely known each 
year. and nuiiieroiis recluests for tlie estn1)lisliinent o f  more sta- 
tirbiis are receii ed froni coiuiiiercial organizations. Twenty-five 
atlditional stations caii be aclvnntageously pli~cecl in portions of 
the cwtton belt not iiow well reprebeiited. and a like number of 
station.: for tlie c'om and wlieat region service is also needed 
in the corn nntl wlient belt. On-ing to the esce1)tionally mild 
weather contlitions prevailing in the cotton belt, during the 
autninii of 1902 tlie cotton interehts felt the need of the re- 
ports from the cutton-region stations after the suspension of 
the service on October 31. Effort WRS lnntle to meet this de- 
inniid by :t voluntary service, \\hic.h was contiuued cluriag No- 
veriiber. AIwh difEculty was experienced during the spring 
of 1:)03 iii semriiig the receipt a t  tlie dihtrict centers of the 
daily reports from hubstations in time to be incluclecl in the 
(listrict arerages telegraplietl to otlier section centers, nnd 
efforts have been iiiacle to secure inore satisfactory seriice. 
As a rule, however, iunny of the delayed reports are received 
in time to appear in the local Inilletiiis although too late to be 
embodied in the district averages. The editions of the bulle- 
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tins are larger than in previous years on account of the in- 
creasing demands. That the information contained in these 
bulletins may be given to  the various interests in an impartial 
manner, they are issued simultaneously a t  11 a. m., seventy- 
fifth meridian time. A copy of each bulletin issued from corn, 
wheat, cotton, sugar, or rice centers is received a t  the Central 
Oftice. where all are carefully examined for errors or defects. 
The total number of corii and wheat bulletins issued daily 
during the season a t  12 stations is 769, and the total number 
of cotton-region bulletins issued a t  28 stations is 865. 

The fruit and wheat service in California continues to sup- 
ply the needs of the fruit and wheat interests of that State 
very satisfactorily. No bulletins other than those S U p l J l i e d  to 
the press are issued, but  through the circulation in the Pacific 
papers a wide dissemination of the data collected is secured. 

Inadequate appropriations hare prevented any extensions 
in this important work, and of necessity we have been com- 
pelled to  confine our efforts to niaintainiiig the service already 
in operation, with its various rniuifications. and to acloptiug 
suggested improvements which might be edecttecl witliout 
additional expense to this Bureau. 

While a reduction uf 131 is shown iu tlie number of st  a t' 1ons 
receiving forecasts by telegraph or telephone a t  (Sovernment 
expense, this indicates no impairinent in tlie eficiency of this 
class, for the points ~liscontinuecl were uniniportant as cen- 
ters, or  tlie substations were transferred to some equally well- 
located center of distribution, and very few, if any, interests 
were deprived of the forecasts by this action. 

No change has been made iii the system of emergency 
warnings, and tlie number of authorized stations remaiuh tlie 
same as a t  the date of niy last report. This statement also 
applies to the railway trein service, there haTing been no 
change, of recurd, in this work during tlie pabt gear. 

The dissemination of forecasts orer the telegraph lilies of a 
number of the great trunk railroads has been continued, while 
tlie service has been discontinued bg a few of the snialler 
roads, owing to increased business orer their nires, ent~i l i i ig  
a decrease of about 200 in tlie n u i u l ~ r  of places receiving tlie 
daily reports for posting in the railroad stations. 

A inarlied increase (nearly 2C~,000) is shown in the nuinber 
of places receiving forecasts by telephone without expense to 
the United States, and with the rapid extension of farmers' 
telephone lines '' (so called) opportunity is afforded for p1:wing 
weather inforimtion directly in the homes of the niore pro- 
gressive agricultuiists. as well as in the telephone exchanges 
of rural centers of population, where i t  id posted for the bene- 
fit of tlie general public. The managers of these local tele- 
phone lines seem to be rery much interested in this iimtter. 
and with very few exceptions hare given their hearty su1)port. 
inaking the distributioii as successful as possible. It is not 
difticult t o  secure the cooperation of these oficials, as  a stcte- 
ment of the fact that  forecasts can be had gratis adds to the 
inducements which they can offer to prospective subscril>ers. 
The great advantages of this plan of clissemination are ap- 
parent when we consider the very early hour at) which the 
forecast reaches the subscriber and the slight amount of labor 
involvecl in furnishing him with the information. 

The list of places suppliecl with daily forecasts through the 
regular niails has been increased by nearly 40W. showing a 
hedthy growth in this class, although no efforts have been 
made, owing to  lack of funds, toward an extension. The post- 
oftices receiving card forecasts by the logotype 
being charted on post-route maps in this division, niicl any 
irregularities that  mag appear are corrected, and any ofices 
not receiving the forecasts that  can be reached from any clis- 
tributing center in time to make the informatioil of benefit 
are added to the lists of the proper center. This branch of 
the work is confined, as a rule, to a. m. forecasts, which can 
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be posted in the various offices before G o'clock p. m. of the 
day of issue. Some of the distributors display considerable 
ingenuity in their devices for saving time and labor in this 
work, and I wish to invite particular attention to the work 
clone a t  Marshalltown, Iowa, where the cards and slips are 
printed in three colors, with the regular logotypes, on a rapid 
printing press invented by the distributor. 

The following table showb the geographic extent of this 
work, ah well as the changes, as compared with the clistribu- 
tion of the previous year: 

Didribitlion of tlnil!) fortcnsfa imd npwinl  und emergency zcwwtirtgs. 
~~~ 

\lJcU.r I- 
C, - states. I ;  .- 

Al:lllnllln . . . . . . . 25 
A i-i z< 1ii:i . , . . . . . . . . . . . . :: 
.Ai-knllnns.. . . . . . . . . . . . 26 
1':ilifaDriiin . . _  _ _ .  . . _ .  . . 120 
I~'0,lomllv ......... ... 21) 
Csii i i i t~cti i . t i t  . . . . . ._. . .  14 
l)rl:lnai-'. , . . . . . . . . . . . . I 1  
l1istric.t <#I' i'vIiIni1,i:i. . 0 
Flvriiln . . . _ . . . _ . . _ . . _ .  2 i  

. . . . . 

Gwni-gix.. . .  _ _ .  . . . . _  _ _ .  :jS 
1el:lhD.. .. .. .. .. .. .. .. . 12 
Illina,ir ...... ._.. . _ _ _ .  I 1 1  
Iu4i : iun ............... 101) 
Iu,li:iriTt.i-i-itl,r ,..... . IIJ  

i i z w  Y<Di-k ......_._... 11s 
Nvi-111 1':iroolina. . . . . . . . 4; 
North I t l k u t u . .  . .  . _  . .  . 13 
Ohit> ... .. .. .. .. .. . _  .. . 1% 
l l ! d ~ l l ~ ~ u l a  ..... . . _ .  . . . I  s 
I )rrm>n 1 R 
PruE\?lrni,in . ._ ._ . . . .  s:! 
Ithodt. 1sl:iurl.. . . . . . . . 5 
South I 'arul inn.  _ _  _ .  _.  . 31; 
,5 , , l l t l ,  llak<bta.. ._  .. _ _ .  ::4 

l1rall ............_._... 1" 
rrrimnut.. . . . . . . . . . . . . 11 

. . . . . , , . . . . . . . . 

- 
J U I ~  1, i11n3.. _ _  .. . 2 . ~ 1 ~  
July 1, 1902.. _ .  .. . ?,14D __ 
1 'hxiigeq . . . . . . . . . . -1::l 

Tclvphuiie. 
~ 

i~ I!), 954 5, 2 i 0  1-19:; 

- 

:: 
3 C. 

e -  - *  -c 
-. < 
-c. z .- 

-c 

z 
~~ 

12 
U 
U 
0 
i 

151 
U 
0 
0 

J I  
l i  

J5Y 
? h i  

0 
(I 

15 
0 
(1 

, I  
0 

3 Y  1 
4.75 

0 
0 
(1 
0 
0 
0 

31 
0 
n 

16h 
1 li 
0 

l i  
0 

161 
0 

2s 
23 

(1 

-.. 

I! I1 

13 
111; 
2!l 
"I; 
1 I5 
0 

423 
$2:; 

0 

- 

- 

- 
3.537 

Si 
0 

2% 
3 ',yj 
1,240 

100 
2 0  

U 
0 

9 i u  
1u1 

i ,  592 
5 ,  Si7 

0 
9. ID7 
3,841 

i 5  
25 

I ,  120 
1,3M 

10,125 
5,376 
2, UIi2 

0 
6,310 

0 
1,415 

0 .  
1,20.; 

255 
0 

10,454 
453 
?15 

14,292 
il 

l;95 
4b.5 

I) 
4.56 
1Y5 

1,715 
2, '1YS 

!!IO 
100 
2% 
51 (1 
.IF2 

4U 

B i ,  li4.S 
1U5.161 

. -- 

1,852 

-_ 

-7,518 

The decrease of 7500 in the number of families receiving 
forecast slips through the rural free-delivery service is clue 
niainly to a change in the hours of departure of carriers from 
terminal points, which precluded their receiving the forecast 
telegrams in time for distribution, as i t  has been the policy of 
the Bureau to  allow only the clistribution of the a. m. fore- 
casts, except in a liniitecl number of cases where the circum- 
stances justified a departure from t,his rule. When carriers 
leave before I a. m. and the clistribut*iug station has no 'call 
night ' *  telegraph ofice, there is no possibility of the messages 
being delivered in time to  allow the forecasts to  be duplicated 
and given to the carriers before their departure. There ap- 
pears but one remedy for this, and that is to utilize the p. m. 
forecasts alone for rural free-delivery distribution, and have 
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carriers supplied by mail train with their slips from a regular 
Weather Bureau station equipped with a rapid printing press 
like those now in use a t  the Boston and Columbus stations. 

The agricultural sections constitute one of our principal 
fields of operation, and the rural free-delivery is the means 
for reaching them. As stated in my previous report, i t  seems 
particularly unfortunate that, a t  this time, when the Bureau 
has opened up to  i t  such a great opportunity for increasing 
its usefulness to the farming classes, we are debarred from 
taking the action indicated owing to insufficient appropriations. 
For reasons above stated we are compelled to refuse nuiiierc)iis 
requests for forecasts, which are being received froin persons 
living on rural free-delivery routes. 

The chief of the Climate and Crop Division lias charge of 
some of the most important work of the Bureau, viz, the cliniate 
and crop service and the distribution of forec*asts and special 
warnings. Fifty-two of the higher station offcials are partially 
engaged in work under his general supervision. Paid observers 
a t  293 stations of the corn ancl wheat, cotton, sugar ant1 rice, 
and fruit services are under liis exclusive direction, a i d  nearly 
30,000 persons serving gratuitously in tlie capacity of crop 
correspondents, forecast clistributors, and roliuntary observers 
contribute to the work under his charge. Approxiiuately. one- 
third of the Bqreau’s appropriation for telegraphic purposes 
is expended annually in the collecting a d  clisheminnting work 
under his division. He writes the natioiial Climate and Crop 
Bulletin, n work requiring skill in tlie handing  of meteoro- 
logical statistics ani1 in the construction of temperature ant1 
precipitation chnrts, as well ah albility to uiiclerstand and iii- 
telligently cliscuss the effects of weather on growing crops. 
The State sections of the climate ani1 crop service are uiider his 
supervision. There are 42 sections, each pii1)lisliing iuontlily 
climatic reports the year roiuncl, and n eekly cliinate and crop 
bulletins cluriiig the perit ~1 of planting, cultirating, and har- 
vesting of the more important ht8aples. 

I take this occasion to express my acknowledgment o f  the 
very valuable and eficient service of Mr. James Berry, chief 
of this division. His work in tlie cliiuate and crop senice 
demands a high order of intelligence ani1 tlie utmost integrity, 
qualities which he posbesses in an eminent degree, aiid n lticli, 
when taken in conjunction \\ith the importance of the work 
nncl his long experience of twenty-five years in t8he serxice of 
the Bureau, give hiin the strongest title to proniotion. He 
now receives $2000, and I earnestly recuiiiluentl his proiuotion 
to $2750. I make this recoinmenclation in the earnest clebire 
to deal justly with a man wlio has lieen a worthy assistant aiicl 
most valuable public offcer. 

LIBRARY AND THE WORK OF THE LIBRARIAN. 
The Tvork of the library lias gone on in fienerd as out81inecl 

in my last report. During the year there hare heen aclclecl VS7 
title, bringing the catalogued strengtli o f  the liLrary up 
to 24,188 books nncl 4430 pat’uplilets, inakiug a tutal of 2::.5(i8 
titles. These titles are represented by a complete author c:wd 
index, ant1 partly, about two-fifths, by a subject card index. 
It was expected that  this subject indes would have heen coni- 
pletecl during the year, bu t  unavoidable contingencies 1)re- 
vented. A bibliogrnphy of current meteorological literature 
is now maintained. nncl a selected part  of i t  appears regu1:irly 

The steady flow of publications into the library from gear to 
year has filled a11 available &elf room. Need of more room is 
urgent. The question has often been raised as to the limitation 
of the book accessions. As far as appears practimble restriction 
has been enforced. No works :we purchased not clearly coiinect- 
ed with the interests that  the Bureau serves. By far the gretiter 
part of the accessions are the ineteorologicnl publications of 
other national weather services received in eschange for our 
own publications, and they are properly the objects for the cus- 
tody and care of which we are most interested in pruvicling. 

ill the BXONTHLY lTE.4THER REVIEW. 

EXAMINATIONS, 
During the year 69 employees applied to be examined for 

eligibility for promotion, in accordance with a system of exam- 
inations adopted and in force for this purpose since 1899. Of 
these, 44 passed the examinations prescribetl for eligibility for 
promotion to salary grade $lUOO per annum, 6 failed; 13 
passed the esaminations prescribed for Iwomotion to salary 
grade $1200 per annium, 2 failed; 8 lmssecl the examination 
for promotion to salary grade $1400 per annum, 1 failed. 
One employee pnsss‘d the exaiuinatioiis for proinotion to both 
$1000 and $1200 per annum, and one passed the examination 
for all three grades. The topics of examination were: For 
promotion to salary $1000 per annum, grammar, arithmetic, 
elementary meteorology; for promotion to salary $1300 per 
annum, algebra, trigonometry, physics; for promotion to 
salary $liuO per annum, astronomy, plant physiology, and 
advanced ineteorology. The duty of preparing and marking 
the questions lias been performed by the librarian, in addition 
to  the other duties devolving upon hiin. 

First, as a re- 
view of statistics. almost a11 of the employees entering the 
weather service are young men. Many are froin colleges; others 
have had less educational advantages, but have lnanaged to pass 
the required entrance esaiuinatioiis. Experience has shown 
that even in the case of high school ancl college men there is 
often a lack of tliorough grounding in tlie eleinentary subjects 
of English, arithinetic, and algeln-a. Because of such expe- 
rience, i t  lias been found well to require that these elementary 
subjects be re\iewecl. and for this reason they have been made 
part of the proniotion esaiuinations. The other purpose is 
that of showing that advancement is dependent upon the pos- 
hession of n comprehensive knowledge of elementary meteorol- 
ogy ani1 cognate sciences. Experience shows that the most 
useful ofticials of tlie service are those mho keep tliemselves 
best informed, both as to the routine work o f  the Bureau and 
its relatioiis to otlier interests. 

INSTRUMENT I)IVISI( )N. 

These examinations s e n e  a double purpose. 

The duties of the Instrument Division mag be embraced 
under the fullo\\ ing heads : “ Instruments,” “ Storm-warning 
towers,” I ‘  Experimental work.” and “Esposition work.” 

A station ih rated as completely equipped when instruments 
are installed bg which the following meteorological elements, 
wincl velocity, ~ i n c l  direction, temperature, pressure, min- 
fall, and duration of sunshine, are continuonbly and automatic- 
ally recortletl. 

During the p a d  year new stations were fully equipped at  
Asheville, N. C.; Syracuhe, N. T.; Wytlie\ille, Va.; Duluth, 
IIinn. (sulbstation) ; C’oncorcl, N. H.; Southeast Farallon, 
Cal., and Sand Key., Fla. The equipments of the stations 
a t  dlpena, blich. ; Amnrillo, Tes. : Block Island, R. I. ; Lynch- 
burg. va. ; Roseburg, Oreg. ; li’ichita, has.. ancl il-illiston, 
N. Dak., were lirought up to  a stanilard of completeness. 
There are now 13s stations completely equipped. Those re- 
maining, numbering about GO, are either special agencies. or 
disl’lay stations at  which anemometer recorcls only are desired, 
or are of such minor importance that the present equipment is 
sufficient. d very considerable number of automatic instru- 
ments are, nevertheless, Iiiaintained a t  the incompletely 
equipped stations, some of which lack only a single instrument. 

The following shows the total number of the principal 
instrumelits in active service: 

Triple rrgihtrry for I\ inti (lircction anfl 1 tilocity, 

. . . .  . . .  . .... .. . .  . 162 

Til~ping hwket  gages . 
Electric: hunhhine rrcord 
Pliotngrapiiic sunshine I 

Nearly all the statiolis that  are completely equipped have, 
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in addition to the instruments mentioned above, certain dupli- 
cates, constituting an “Exhibit equipment.” 

The automatic instruments are operated almost wholly by 
electricity, and heretofore the current has been obtained froin 
an improved form of primary battery consisting of zinc and 
oxide of copper elements in a solution of caustic soda. While 
they have proved rastly superior to the old ‘ .blue~tone ” bat- 
teries, yet their maintenance involved expense and trouble for 
recharging. Steps have been taken to introduce sinal1 storage 
batteries, which have nom been brought to a high state of 
eEciency. Unfortunately. these storage cells can only lw 
used at  stations having a Jirect-current system of electric 
lighting. The origiiial installation costs lmt a trifle more 
than one set of the ordinary priinnry batteries, aiiJ no further 
espense is necessary, since the batteries are charged from tlie 
lighting current. The use of the storage cells iiot only pro- 
vides o more satisfactory source of electiic energy, hut  a l ~  
eflects a saving of froin $10 to $15 a year for each sttstion. 
About 50 stations are now suplrliecl with suita1)le current. :tu({ 
action is being tnkeii to equip thehe with storage cells in the 
near future. 

It lixs long been the policy to imintniii a .;pecial eclnil)iiieiit 
of instruments at tlie Ceutral CMce in W:rshingtoii. Ah in- 
strument, of nniquc. interest i b  tlie seisiniipa1)h. For a nuiiilwr 
of yearb practically tlie only iiistruiiient of the kin41 iiinintaiuetl 
in operation iu North Aiiierica was tlie one iii the \\-eatller 
Bureau. Several others existetl, bu t  because of the iiifrecliwnt 
occurrence of eartliqualtes tliey ere iiot kept iu coiiditioii to 
nia1;e recorcls, During the past year :t n e w  seisiuogralili o f  
moclern design and of greatly iininwveil type was prnciirecl 
and installed. A distinct earth(luake was recortlecl Rlnrv l i  15, 
1903, and auother of miicli larger duration on lTuiie 4, 1903. A 
detailed account of these shocks ant1 :I clescription o f  the seib- 
mogmph has been pulJlisliet1 in the MIJNTHLY \YEITHER EFT I E ~ .  
Any cousiclerable enrtliquake that OCCIII‘S nn any point of  the 
globe is nom pretty certain to be inore or less full>- recrirclrcl 
at  lvashington. Where seismographs of tlie degree of sensi- 
tiveness poswssed by the oiie now in use have been imiiitaiiietl 
for periods of a year or more, a peculiar type of record has 
been traced from time to time wliicli, as yet, is not fullg uii- 
cierstootl. Omori, of Jnpan, clahsifies the phenomena as “ pul- 
satory oscillations,” and the opinion prevails generally that 
the origin of these waves is not seismic lmt meteorologic. an11 
that i t  is prob,zblg connected ni th  unusual coiiditions of atinos- 
pheric pressure. The records inncle in such cases show tlint 
the crust, of the earth is in a state o f  continuous oscillatioii of 
appreciable amplitude. This inotioii goes 011 hour after hour. 
sometiiues for a clny or iunre a t  :I tiine. but the data acc~~ioii-  
latecl thus far are too meager to afiorcl :I satisfactory e\plnn:x- 
tion of the pheiioi~ena. C’olonel Bingliani, in reporting upoii 
the behavior of the l n i y  peiitluluni installed in the Wasliingtc n 
Monunient, states that  “ on ninny days of perfect calm the 
plumb line vibrates excessively, whereas 011 days wlien a high 
wind is blowing the 1)luuib line will be a t  rest.” There can 1)e 
no doubt that  tlie days on which the pencluluui ribrates are 
days of pulsator5 oscillations of the earth’s crust a t  TYa.;liin~- 
ton. I n  the future such oscillatioiis will be recorded on the 
seismogralih. 

STflILhl-\\ ;\RSINI I TO\TI’C+ A N I 1  1, \KTI RK+. 
The duties of the Instrumelit Division, iii coiiiievtioii u itli 

the storm-warning towerh. are confiiietl to the details o f  their 
purchase, install:ttioii, ancl iminteiiaiice. The srlectioii of tlie 
stations ant1 the mnnagtment o f  the funds fnr the nork are 
supervihetl by the Forecaht DiviGoii. Durinx tlie two prece(1- 
ing years the nvaila1)le f i i i i c lh  lin\ e not been ailecluatr for tlit.  
entire work. Only a few st:itioiis \\ere ecliiippe(l litht J ear, 
most of the funcls 1)eiug exlxwlecl for liigh-poww electric aii(l 
oil burning lanterns, which were necessary to complete the 

equipment of a large number of stations a t  which towers had 
been erected. The improved eciuipnient of storm-warning 
towers and lights is nom completed a t  about 130 stations, and 
actioii is being taken to equip 25 additional stations during 
the fiscal year 1903-1004. When Congress was requested to 
appropriate for storm-wariiiiin towers the estimate of cost 9 was bnsecl on about 145 stations. By the close of the year 
1903 nearly 25 per cent inore stations will have been fully 
eqiiippecl than wew originally coutemplnted. 

AbRI%L F:E<E.IRI’H. 

A careful stucly of the mechanical, iastrument~1, and en- 
giiieeriii:: probleins involvecl in aerial research was entered 
upon by Prnfes<ors Abbe ant1 Marrin, and it. wah pushed ns 
rnpidly >IS their otlirr duties woulil 1)ermit. The problem has 
been onrefully stnclietl in ortler that no bluncler might be made 
that woulcl cle\elop after the work of the taking of observa- 
tions hac1 lwguii. A series of experiments was begun with 
sindl rubber  balloon^. for tlie purpose of testing the elasticity 
t m c l  otlier qiiditie.; of thin rubber. Invehtigations were made 
into the sluggishness of such forms of tlieriiiographs as might 
lie usecl in ascensions. This is a work that can not be neglected. 
A tlierinugraldi rising or falling rapidly through the air is es- 
pnsc.(l to a conrtantly changin:: teiiipernture, and, owing to its 
sluggihliiiesq, tlie intlicntetl teiuliernt tire i h  more. or less seriously 
iii error. If tlie coefticient of  slnggislmess uutler the differ- 
ent cniiditioiis o f  usage caii be ascertaiiiecl the 1)roper correc- 
tinu.; can 11e nliplietl to the records. The instrumelits iuay 
then be catuwl to ascend or tlesceiicl rapidly through the air 
(1000 feet per iniiiute c)r more) aiicl correct. records be still 
olitniiiecl. This Iiieaub (1”ic.k :tncl high itsceiisions and a more 
certain recovery of the npp:tr:itns. The following suminary 
iudicntes wlint has been (lone : 

Tti l i l ixne-  thrr~i~ci~neti~r+, 
t i i  i i i t i l  Bui I W I I  atlj  r i + t d  tI I 

1IIPU t CI. 

S1wvinl mciiiiin IIIW t+~nilwrature l ’ ~ i ~ t i i l ~ J W  dl.+igiit.tl and c~ii~structed 
fair stnlly o f  tli*~rinogr:ipli a n l l  Imrocraijli u u ~ l r r  +iuiiiltitiiroiih low trrii- 

nl i i ig  tn  the Iry~lrogc~ 
b2 ( 4 . .  ~IL‘lWlirPIl f,,r I‘ll111 

) U +  ( i f  ~ l lr01)+’%ll  I l l ~ l l l l l f i L C . t U ~ ~  ]ll‘lWWL‘f’ll. 

o f  + u i  f , i w  teu+i1111, 1lre+iir*a. t I ~ i ~ + i t y ,  et(.., of 

Sliabtinl t y p  o f  I l l i i t i u i i i i i  1.14-ta i11+ t liri i n o i n P t w +  an11 direc. 
iii~livator. f o i  11-r in t I i c ~ \ n r ~ i i r i n i  IIIN tein1wr:itiir+~ apparatus,  dP 
(’I InztL‘llI4l~Il. 

iiis1lrc.til I U .  
SI.\ rral tylw+ i I f  Eli L’I ~ ~ ~ w i r  h i  1)-t l irri i irwxI~l i+ 1irw.iirwl for tt>bt, null 

n i a ~ l c  in the elrl4rolgti(. yc~nrrati~~n of I i~drogen,  tlie 
11’ for tlir \ V c i l l i ,  iiull tllr ~1101i lr11r #If ric*ily :iintl (luickly 
4tiltii o f  ttir gn+e+. 
l i t ’  ~ ~ l i i ~ g i ~ I i n r s +  o f  t l i a .  t l i ~ ~ i ~ i ~ ~ ~ i ~ L ’ ~ i ~ ~ l ~ +  wa+ f o ~ i i i i ~ l a t r ~ l  

i i i i ~ l  nl~~~~i i : i t i i+  t i n t 1  i i l r l l i ~ l l l +  I I F  iiigw-iiriug +liiggisliire6z rl t . \  I , I ( I I IVII  nu11 
:ip1lliavl. 

Tliv + t i i l l )  o f  tlrr aliffiiqioii o f  l i > ~ l i t i x ~ ~ i r  tliioucll thin + l i w t +  o f  rlI1JiWl. 
\\as I I I ~ ~ l l l l .  

Tlie policy recently inaugurated of lmilcling up a great cen- 
ter ( ) f  meteorological research a t  Mount Weather is undoubt- 
edly one o f  the most iniportniit steps that have been taken at  
aiiy time in the history of the B n u  to place tlie scientific 
sitle o f  tlie wrvice upon a firm b aiitl it is certain to bring 
v:tlual)le results. Tlie iinportmice of a careful study of a11 
cletails in auy \vny connected with iiistruiiients or apparatus is 
rec*ogiiizecl. as the future suitability of installations depends 
~ 1 ~ 0 1 1  their 1)rc):id m1xptal)ility to iiiany ant1 diverse uses. 

E \ l ?  l+ITI( IhS. 

The Instruniient n i l  kion lias been charged with the inime- 
cli:ite care o f  the exhibits macle at Buffalo, Charleston, Provi- 
deiice, ai1c1 the oue to be innde a t  St. Louis. The instrumental 
section of  the Buffitlo exhibit \vas transferred to C’linrlestoii 
niicl later t n  Proviclence. 

I ) I V I S I O N  )F METEOR( )LO(:ICAL RECOEDS 
The routine work of esainining meteorologicnl forms from 
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regular and cooperating stations, and entering the data in the 
record books; preparing and tabulating data for the MONTHLY 

REVIEW, and for the Annual Report of the Chief of Bureau; 
preparing error letters to employees of the Bureau and coop- 
erating observers; receiving and checking the receipt of r e p -  
lar and voluntary forms; preparing data for certification under 
seal of the Department for use as evidence in cases nt lam 
before the various courts of the count,ry. and for i m n y  other 
purposes, has coiitinuecl throughout the year. There are 3173 
reports from voluntary observers examined each inontli. 

A set of clirisioii tables, adalhecl froin tables sul)iiiitttxl 11y 
Rlr. H. W. Smith, PIIr. Arthur Thompson, aiid RIr. Heriumiii 
Volker, were publishecl. This n as a task requiriiix great :tccii- 
racy in verificatioii of figures and inuch tiwe in 1)re’paratioii. 
The tables will be a great aid to speed :tiid correctness iii 1)re- 
paring forms a t  stations. and are satisfactory. 

There is now being prepared, under the su1)ervibioli o f  this 
division, a new series of climatic cliarts. 

Temperature normals-mean claily values-fur d l  stations 
for the twenty-five gear period, 1X79-1!)03, inclusive. are i iow 
being prepared. The initial portion of this n ork iiecessitatetl 
the enteriug of each clay’s inean at  all stations for the ?-ears 
1896-1903, inclusive. At stations ha\ ing less than :t t\veiity- 
five-gear record, an arbitrary correction will be usecl, which 
will be arrived at  by taking the means of identical years a t  
contiguous stations, finding tht. clitference froni the twenty- 
year mean, then applying the niean correc.tion o f  all the sta- 
tions under consideration to the ~ue:tn nf the sliort periucl. 
thus making it comparable with stations haviii;. a full tweiity- 
five-year record. The chily vxlnes IJf the short-reccirtl period 
will be fixed by taking the curve for soiiie acljwent statio11 
whose temperature coiiilitions are believecl t u  be n])out the 
same as at  the station under cliscussion. 

In working up these claily valnes much time lias beeii sa\ ed 
and great accuracy obtained by tlie use of an a(ldiiix iiincliiiie. 

New precipitation normals, also. are bein;: l)rep:weJ f u r  d l  
stations, and determined from the beginning of record to  tlie 
year 1903, inclusive. 

An unusual alnouiit of data w a s  prepared for tlie coniinit tee 
on the Charles River Dam, of Boston; the witterworlis clepart- 
ment of New York City; for severnl Bureaus and Divisionh of 
the Department, and the United States C+eolii;:icnl Survey; fur 
business people, invalids, health ancl pleasure seekers, etc. ; nnd 
many calls for data from civil ant1 hydraulic engineers, etc., 
have been filled by furnishing publications of the central oflice, 
climate and crop centers, and incliriclual stations. 

An increase of 2 clerks a t  rfF1000. 3 nt $S-iO. and 1 a t  $720 ~ J W  

annum is recommendeil t,o do the atlditional work imposed on 
this division by the increasing demaiitls for data a i d  to verify 
the records received from the new stations establishetl during 
the past several years. 

WE.4THER REVIEW, for the Annual Eiummary Of ‘the l i T ~ ~ ~ ~ ~ ~  

MONTHLY WEATHER EEVIEU’ AND WORK UF THE EDITtJIi. 

Professor Abbe has devoted his time to editing the MONTHLY 
WEATHER REVIEW ancl mnkiiig the preliminary arrangements 
for the inauguration of a systematic research into the iiieteoro- 
logical conditions of the upper air 13s means of kites mil special 
small hydrogen gas hllooiis. The aerial investigations. liuw- 
ever, have recently been assigned to Professor Bigelow. 

The MONTHLY WEATHER REVILW has continued to be l ~ ~ b -  
lishecl as promptly as possible, the nmnber for April, l!KjX, 
appearing on June 30, lWY, bein;: five days after the presurilJec1 
date. New type, improved presswork, and a better quality of 
paper have added mccli  t u  the attracti\ eness of the publication. 
Many articles published in t’ie RETIEW have been in such de- 
mand by students and scientists that  separate prints have been 
made of them. 

A memoir by Dr. J. W. Sanilstrih, of Stockholm, on the 

construction of isobaric charts a t  high levels in the atmosphere 
and their significance in the clpainics of the atmosphere, has 
been translated and prepared for publication as an inclepen- 
dent bulletin, as it is rat,her too large to go in the MONTHLY 
WEATHER REVIEW. 

The following art,icles that seem worthy of inention ap;.earecl 
in tlie REVIEW cluriiig the past year: 

\V. A. l<eiit,lyi: * ‘  Studio* niiioiig t he  snow crpt ,a ls  during the winter 

cRI.I:fUI Ht,ll4ly ( I f  tllc isolJcl.rs ctllll 
isotherills at Iligli l e \ . ~ l s .  

iglit haze or fog, 

in:,. 1wculi:triliea in our winds. 
1111>wi1ig 1~111er by Mr. Stoc.kmm. 

They hare 

I n  
this article t,hr autlior S ~ I O W H  that the wiudat~~:rius of tlir winter ir imths 
O U C I I ~  with tsiiil~erctt ures ~ I J I J W  normal, and that storills are more fre- 

Williain R. StcD~:knian: 6‘ 1Iarr.h an11 \viiita.r winds ” (Mag, 1!llJ:3 1. 
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quent in March than in the  winter months, except in the east Gulf aud 
Atlantic coast States, the lower Lake region, and the  upper Ohio Valley. 

Typi- 
cal 0ct.crher winds on our Atlantic coast ” (,April, 1903). MI-. Davis has 
spent his spare t,inie for inany years in computing the resultants of tlie 
wiud direction, both for hourly records and for tridaily records a t  our 
observing stations. He  shows that a t  many stations the oscillatinus of 
the winil resultants go through a systeni of systematic chauges from 
year to year, and that at neighboring stations these changes are analo- 
gous, but a t  distant stations they may be in 0pposit.e direct,ions a t  t,he 
same t.ime. For stations such as Key West ani1 Bermuda, where the 
strictly local influences are uniform, the changes in the winil appear tu  
depend upon changes in tlie so-cal1ei:l genera.1 circulation of the atincis- 
pliere. Rlr. Davis is not able to find atiy special connection wit,li changes 
in the sun spots or the tiiooti i)r irt,her cosiiiical 1rhruonieua. He nraiu- 

s a sciettoe can lie iiiaintaiiieil wily 
1 phenotneua and avoiding 1ii)l)ular 

wirelt4ss telegraphy ” r Deiwiilwr, 
1: 

ear, simple, 1rnpular, a n i 1  i- 
in which all are int,rrex II 

I iniportanw i n  t,lie (lailg work ai f  

T. H. Davis: “Annual wind resultauts ” (November, 19021, and 

1902). This article is very plaitily written and aliun11a.ut~ly illu 
it lias been widelg Ir’aiseiI as a \ 
fically vorrec,t exposition of a s i  
which may eventually becvtiir o f  
tlie Weather Bureau. 

t. resear4~lles 
of Elster aut1 Chitel ani1 J .  J .  
tuust consist of ninlecult~s t.1 

called negative iotis. As i i i i i i  

ions. it shoulil follow that iii 

the theory of electrons” (May, 1909 ). This is the tJeSt pnpular exposition 
that has as yet been pulJlished on the  present state of our knowleilge o f  
atniosplieric eleh-ioity. It enables 11s t,o un 
that have Iiit,hertri stood in the way o f  uti 
pheric elec,t,ricity for storms and ( 

grountl for hope t,hat the  tie^ tilethi 
and Geitel and  Eliert will make it 1 

ervatious of atm 

the sdution (of prob- 

As 
one of the results of 3Ir. Kimball’s work at. Asherille, N. (I.. he was alile 
to point out t.hat during pJauuary. February, and RIarch. 190:3, t,herr was 
received at his locality decidedly less solar heat. than was tci Ire eslbected. 
.4 siniilar observation was tiiatle 1’s RIousieur Dufoor at, Lausaiiue, 
Switzerland, and sonie irregularities of the same kiml a t  BIont,pelier, 
France, in the years 18841BS6 were pointed out by Mr. C:. G. AlJtmt. in 
t,lie MONTHLY WEATHER REVIEW for April, 1902. It is at. p 
sible to  state with certaitit,y whether these suildeu diniinuti 
tion are  due to  rhanges on the sun‘s surface or t,o increased absorption 
in special Iiart,s nf t,he earth’s at,mospliere. The latter idea is tlie m)st 
pl;tusible, and i t  remains to be ascertained whet,her the atisorption was 
produce(I liy (lost and nioisture in the  atmoslilierr, and if so, whrre these 
cati-ie frrini. 
W. N. Shaky: * ‘  RIet,eorological olJservations oIJt,aineil I J ~  t,hv use of 

The imliiirtauce of the atnios;l.h?ric data att,aiualile 
al)preciate(l tiinre highly every year. ConsiilerabIt> 
s acconiplished uniler the ailsirices o f  the F..>yal 

BIt.t,eornlogical Society during duly an41 August. 19IW. by forty kite asctm- 
sions from the deck of a tug  steamiug off tlie west (’oilst of Scotland. 
bIr. Shaw furnishes an alistratit of the results, showing espec,ially the 
tetnperaturr gradient for each 501) meters of vertical height above the 
surfalte of tlie ocean: the average gradient is almost. ident,ical wit,li t,he 
so-callecl adialat,ic rate for saturated air an(l also with the tenillerature 
gradient used in rerlur!ing tenrperatures t,o sea level, vie, lo F. per 3110 
feet, as  originally arloptwl by Es;pg and  still used iu Englanil. The aut,hor 
arlopts the explanatiton that fcir these lower altit.uiles the air flowing frinni 
tile ocean eastward and forced to rise above Hie Scottish tnncintains 
niust be niechauic:ally raiseil. ant1 bei:onies, therefore, practically sul-ijei.t, 
to the adiabatic: grailient, which is not reached in the free atmosphere, 
except when the air is rapidly rising or falling. The most. remarka.l:ile 
result of the highest halloon explorations has been to show that at, great 
elevations the air is also frequent.ly found t o  show the ailia1:iatic gradient 
of temperature, and must,, therefore, he recognized as prciliably i n  a state 
of rapid rise or fall. 

As the 
reports of t h e  various international conferences on the e 
iionading against hailstorms have lreen freqrieiitlg niisili 
pluntandon, as secretary of the congress, has prepared t. 
results, and concludes with this admonition to  Americ,aii readers: ’‘ Before 

H, H. Kiniball: * ‘  AlJtiormal variatious in insulitt,iou ” (May, 191131. 

Prof. a. R .  Plumandon: *‘Cannon and hail” rSiimniary, 19lU21. 

undert,aking the protect,ion of your crops by cannonading wait until that 
method of protection 1ia.s furnished good results in tlie couutries where 
i t  is now being tried.” 

Louis Besson: * I  The vei-tical component of the movement of cloiidfi ” 
(*January, 1903 ). The general use of the nephoscope in determining the 
heights and tiiovenieut,s of cloucls is so important that  this contribution 
to t.he literature of the subject is very welcome. The so-called vanish- 
itig-point nephoscope. described by Professor Abbe in his ‘‘ Treatise on 
meteorological apparatus and methods.’’ can be used with especial con- 
venience t C J  carry out the investigation clescrilied Iiy Mr. Besson; it did, 
inileed, as there stated, as early as 1872. lead to the visible demonstration 
of the fact that. in the ueiglilJorhoo(l of tlie ceuter of low pressure the 
clouils on opposite sides of the horizon have slightly different movements, 
lwth livrieontally and vertically. so t.liat. the Iireseuce and location of the 
central low is easily determined. 

The 
results (if this menioir bcar directly UIJOU the construct.ion of meteoro- 
gralihs for use in the low temperatures that a,re continually occurriug in 
meteorology. The aut,lior shows that. steel sirrings tilay lie relied upon 
at, temperatures where other mat,erials fail, awl that; the lam of change 
cbf elast,icit.y is quite regular, though not as great as the change that 

a. R. Eenton: L h  Elastioit,y a t  low tenilieratures ’ *  (January. 1903). 

t,rilnute t,l.l the excelletice uf the auemonieter, the recoriling apparatus, 
:ml  the faithful attention given t,o t,hese Iiy tlie ciliserver, Mr. W. W. 

Iixer: * *  Tlie water erluivalent~ o f  snow 
ancl nielting snow ’ ’  1.ipri1. 1!10:3\. Tlr 

data in refereuce t,n a n  iniliort.ant su1Jjei.t on which 
indefiuit,r ideas. Tlie sncrw lying on the grounil a t  t,he end of winter is 
in  tiiaiij- locat,ions the suni total o f  the winter snciwvfall, only slightly 
iliniinislied 1 . 1 ~  an occasional thaw aud coniliacteil into a 

:: of t,liis sui)w iri the warm wmtlier and 
Ily by the influence of the warm siiring 
(wnst,ituent, of clangernus spring R ( i o d s  in 4 

rivers. RIr. Mixer very prnperly urges t,liat. every rainfall and river sta- 
tion should keel, a record of the wat,er wluivaleut. o f  the snow lying on 
t.he ground. just as it, does of eacli fresh su,rwfall. In sonie cases qUiJtPd 
11s hini 38 inclirs oP snow on the yriiuud gave 10.5, ‘30 inches gave 9.8, 
aivl 90 iuclies gave 6 .3  inrhes of  water. 

E. Buckinghani: “ @ t i  t,he radiation forniulas ancl on the principles of 
t,liertliomt.t,rv” I April. 191131. This is a n  exposition t) f  the proper tilethod 
of applying varirius enipirical fortiiiilas for the ohservell qiiantity of radi- 
at,inii froni any surface t o  the tleterniiuation uf the actual temperature 
of the ratliating surface. Dr. Gui:kingham’s exposit.ion is applicable, 
not only to the deterniiuntion of t,lie teiiiperat,ure nf the surfaces from 
which rtitliant hqat is receiveil. but, also t,o the investigation of the theory 
of the errors o f  Augstr3m’s pgrheliotiieter o f  siniilar apparatus. 
I). T. RIacDhugnl: ‘ iThe  influence o f  light and darkness upon tlie 

growth m i l  tlevelol~tiient o f  1ilants ’ ’ (April. 19113). This is a summary 
v Dr. R. H. Pond o f  t,he results att.ained Liy Professor MacIhugal in 
inny p a r s  o f  iiiost. (.awful esl’erimeiitatioti. The subject is one t,liat is 
rtti~lamental iu tlie study of the relatian tietween cliniatology and plant 

lift>. ant1 it. 11rel)ares tlie way for the 1iriolwr st.uily uf many protiletiis in 
the elwinmy o f  Iilant, l i f r .  n u l  for tlie intelligent aplilication to t,he needs 
of the farnier of t.he olis-rved Weather Eureau data rel:rt,ive to sunshine, 
cloiidiuess. t~eniperature. and raiufnll. 

Henry L. .i)ilJotl: ;L(‘limat,ologg nf the Isthmus of hnama” (March 
and April, 19U3 1. I n  these articles General Al~1)ot.t. Iby comhiuiny all 

ilble iuforma.t~ion, has heen alile t,o give a rational explanation of 
the nl~served oscillations of rainfall. temperature, atid wiud in this 
tropical region. He has also I,een allle t,o Ilerluce reliable values nf the 
monthly and antitial iiiean Iiarriiiietrin pressures reduced to sea level. 

Comprlsite and nther a r ranpments  of weather 
I n  this paper the author explains the tuethods 

-era1 years i n  collecting t,ngether weat.her maps of the 
Irtin:! theni for study. He classifies thein a s  coinposite 

and associate types. He notes that. there is an apparent tendency of the 
centers of high anal Inn, areas t.ci innre riu t,meuty-four hours) from the 
center o f  au area of positive or negative tweuty-four-hour pressure 
chaugr to t,he eilge of the same area. 
W. 11. Fulton: The autoniat,ic river gage a t  Chattanooga, Tenn.” 

(May, 19031. This apparatus. as inventrd 1)y RIr. Fulton, consists of two 
parts. one at the river which tnemiirw the stageof wat,er, and the other 
a t  t,he Weat,tier Bureau statiou which records the stage of water. The 
two 1)arts are connectrtl tiy a trlegraph line. A4nalogous apparatus has 
k e n  c.oust,ructwl frnini t,inie t,n time I y  others for rroorcling 1.ioth river 
and d l i e r  natural phenomena. l)ut as a rille the difficulty of maintaining 
the liue int,act aud the uncertainty of elect,rical apparatus in general has 

H. W. Eichardsoii: 
iruary, 1903 I. 
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led to  the abandonment of the  method. I n  the  present case Mr. Fulton 
has overcome several instrumental difficulties, and as the  apparatus has 
worked satisfactorily for several months, copies of i t  have been desired 
for other stations. 

Weather Bureau men as instructors: Among the numerous “Notes by 
the editor,” attention is especially called to  those dealing with the  work 
done by employees of the Bureau along educational lines. Rather elab- 
orate courses of instruction are given at Columbian University, Wash- 
ington, D. C.; the University of Cincinnati, Cincinnati, Ohio; the Medi- 
cal College of Virginia, Richmond, Va.; the Buchtrl College, Akron, Ohio; 
,Johns Hopkins University, Baltimore, Md.; the medical department iif the 
University of Missouri, Columbia, Mo. ; the Kentucky State College, 
Lexington, Ky.; Norwich University, Northfield. Vt.; the Ohio State 
University, Columbus, Ohio: Tale University, New Haven, C‘onu.; Cornell 
University, Ithaca, N. P. ; Mercer Univerbity, Macon, Ga. ; the Unix ersity 
of Tennessee, Knoxville, Tenn. 

In  all these cases the  course of instruction averages about two hours 
per week during at least four months. or one hour weekly for the whole 
college year. In  general, the educational ~ o r k  is so arrangril as not to 
interfere with official station duties and is done witha but adtlitional coin- 
yensation, except that  in some cases a binall honorarium i5 offered. 
Further details are given in the MONTHLY WEATHER REVIEW for April, 
1903. 

PYRHELIOMETRIC MEASITREMENTS. 

Rlr. H. H. Kimball, assistant editor, was sent to Asherille, 
N. c., with an Angstrbm pyrheliometer. Under arrangements 
made by Professor Abbe, he took observations a t  stated hours 
each day from November 10, 1902, until Illarch 26, 1903, a t  
Asheville and Black Mountain, N. C. The observations were 
carried out with faithfulness, and the report, inclucling a com- 
plete tabulation of the Observations and reductions, has been 
rendered by Mr. Kimball. The obsermtions made in 1901- 
1902, with a similar instrument, by Nessrs T. H. Davis a i d  
Robinson Pierce, jr., under the general direction of Prof. Carl 
Barus, a t  Providence. R. I., have also been submitted in a re- 
port by Mr. Davis. The solar radiation, as measured by this 
apparatus, is that which is actually received by every object 
a t  the earth’s surface; the clatum is directly applicable to 
problems in agriculture as well as to meteorology, and an 
effort will be made to explain its usefulness, in an early num- 
ber of the MONTELY WE~THER REVIEW. The actual amount of 
solar energy received a t  the outer liniit of the atmosphere can 
also be obtained from this observed datum, after me have 
learned how to interpret i t  by the study of the boloinetric 
work that is carried on continuously by Professor Langley. 

POLARI‘WOPIC OBhERl‘ ATIt )X*. 

I n  connection with the pyrheliometer, ilk. Kinibsll iuain- 
tained a series of observations with the Pickering polarimeter, 
loaned py the observatory of Harvard College. The blue color 
of the sky ancl the polarization of the light depend alike 011 the 
fact that the atmosphere is a mechanical mixture of several 
gases and is loaded with vapor, haze, and dry dust. The polar- 
iscope gives us a basis for calculating the relative quantity of 
these impurities. Professor Abbe is of the opinion that RIr. 
Rimball’s work niay establish a connection between the polar- 
ization and the atmospheric absorption. The o1iscrvat;ons 
were found to indicate a decided diminution in the heat re- 
ceived from the siin during the months of January, February, 
and March, 1903, a fact that he was able to announce even 
before the publication of R similar olmervation made a t  Lau- 
sanne, Switzerland, by H. Dufour. 

DIVISION OF ACCOUNTS BND DISBUBSEMENTS. 

In regard to Mr. Alinerico Zappone, assistant chief of the 
Division of Accounts and Disbursenients of the Department, 
who is assigned to charge of the accounts of the Weather 
Bureau, I desire to make a special recommendation. During 
a long experience in the Weather Bureau service (twenty-three 
years) this official has been distinguished by his exemplary 
conduct and a most faithful and intelligent performance of 
the exacting duties devolving upon him. I n  three Bureaus, 
whose appropriations are comparable with the appropriation 
made for this service, the salaries paid to the disbursing offi- 
cials are greater than Mr. Zappone’s by $500, although, with 
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one exception, the money handled by him a t  this 05ce is in 
excess of that handled in the others. His work is also subject 
to the supervision of the Disbursing Officer of the Department, 
and I have every reason to beliere that that officer will join me 
in the earnest recommendation I now make that Mr. Zappone’s 
salary be advanced from $2000 to $3500 per annum. 

BUILDIN( iS ERECTEti, REPAIRED, AND IMPROVED. 

During the past two fiscal years, through the appropriations 
by Congress, it  has been possible to erect buildings for use as 
meteorological observatories for the Weather Bureau at the 
following-named places: 
Atlaiit,in City, N. .J.: 

Hatteras, N. C.: 

Fort CmtJg (North Head), Wash. : 

Port Crescent. Wash. : 

Tatuorli Island, Wash. : 

Point. Reyes, C‘nl. : 

Amarillo, Tes. : 

C:ost. of h i t  (Government reservation): cost. of building. . 
Cost of lot,. $125: cost of hilcling. $4,875. . . . . . . . . . . . . . .  

C!ust of lot IChvernnient reservation); cost nl  building. . 

Cost o f  lot (C;overnment reservation,; cost of building. . 

Cost of lot (Government reservation); cost of building. . 

C h t  of hJt I Chverunient reservatiuu 1;  cost of  building, . 

Cost of lot, $1,955; cost of builcliny, Ffi,5lJ3 . . .  

Cost of lot 1 Chvernnieut reserration): cost #.if Guilcling , . 

cclst of building, $7.9!14.75 . . . . . . . . . .  

nient. reservation I: CI ist {if buildiug . . 

C,ust of lot (Ckivernment, reservation;): cost of building, . 

fiI(JdeIla, Ut,ah: 

Key West. Fla. : 

S m l  Key Island. Fla 

Southeast Farallon, Cal. : 

Mount Weather, Va.: 
Cost of lot,, $1,413.~1~1: coat. uf l~uilding, $15,G63.13 . . . . . .  

$6,000.00 

5,000.00 

3, 992. 63 

1,000. 00 

4,950.00 

2, 989. 90 

7, 758.011 

4. 346.00 

10,014.75 

5, 593. 00 

5, 211. 22 

17,1177.03 

Total . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73.93‘3.53 
I n  aclclition. it has been possible to repair and improve the 

followiing buildings a t  the total cost set opposite each, viz: 
Bisniarok. N. Dali..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $7qtltX. 14 
Jriliiter. Fla.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,358.cJrJ 

. . . . . .  . . .  125. M 

. . . . . .  . . . .  5,1i14.25 

T1,tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16,651.39 

Buildings are now in course of erection a t  the following 

~~ 

BurLivIPI’(;s IK (:I.~LTKSE OF EKT:C’rIox. 

places: 
Tellvnst.one Pttrk, wyo. : 

Dulut,li. Minn. : 

Devils Lake. N. Dak.: 

Cost of lut (Gort.rnnieut resermt,ion): cost of liuilding. , . . 

Cost of Ick, $2,1tNt cost of Luildiiig, $7,%It). . . . . . . . . . . . . . .  

Cost of lot,, W2.3I.HJ; cost of IJUildiIlg, $ S , l J t l l l  

$11, 500 

11). Wi) 

10, (HJI) 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ’in,ouo 

The wiscloin of t,he Weatlier Bureau in erecking and owning 
its own buildings Lecoines more apparent each day. It not 
only saves to the Governnient the amount heretofore paid for 
rent of office quarters, which in inany cages are unsuited to 
our needs. especially as regards t,he architecture of the roofs 
for the exposure of meteorological instruments, but places 
the TVeat,her Bureau on a footing of equality with other 
branches of the Gorernment service, such as the Light-House 
Board and Life-Saving Service. Bside from this, these build- 
ings provide living accommodations for our employees, mho are 
so often retluired to reiliaill on duty both clay ancl night, add 

.\RE.\ OF r a . w 1 i  ( I W N H ~  BY THE WEATHER B1’l:EALT. 
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dignity to  the service, and compel more respect from the 
general public. 

The area of land purchased by the Weather Bureau during 
recent years, or  transferred to  that Bureau by the various 
branches of the Government, is as follows: 

Atlantic CXy, N. J . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .square f e e t . .  5. IMW 
4 C!ape Henry, Va..  . . . . . . . . . . . . . . . . .  

Hatt.eras, N. U . .  . . . . . . . . . . . . . . . . . .  h 
. . . . . . . .  .do. . .  3 

.do .  4 
North Head, W a s h . .  . . . . . . . . . . . . . .  . . . . . . . .  .lb. . .  f 

al . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i l  o . . .  ?, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 1 1 0 .  1- 

h . .  . . . . . . . . . . . . . . . . . . . . . . . . .  .siltiare f w t  . 2 .  I I I I I I  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n~:r~: . 1 

1- 

Area. 

. . . . . . . .  . .  

. .  

Puma, Ariz . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . d ~ .  . .  
Amarillo,Tez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Key West., F la . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  

sand Hey, Fla.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . w l 1 i a r ~  
Southeast Farallon, Ca l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mount Weather, Ya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . a  

Duluth, Minn. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . d o .  . .  
Devils Lake. N. 1);lk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . i l o .  . .  
Havre .Mont. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Block Islaud, R. I . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Narra,oauset,t, Pier, E. I . .  . .  

Bismarck, N. D a k . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  R 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  R I T C . .  1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  do. .  . 1 

4 
i 

. . . . . . . . . . . . . . . . . . . . . .  

Total area ( ii)boiit) . . .  . . . . . . . .  at.111- !I4 
1'l<(Jt'4J*1~211 131 11,IJIh'IrS 

It is planned to erect buildings a t  all places where the service 
is now represented and is paging rent for of€ice quarters, if the 
population of the place is  less than 25,000, ani1 it is l q e d  
that Congress \vi11 continue to appropriate a siuall amount for 
the purpose annually. I t  is fouiicl that  when the population 
of rt place is under 25.000 i t  is a difficult matter to get suitalde 
accommoclatioiis, with good roof facilities, and as a result the 
accuracy of olJservations is ofteii affected. 

When buildings are thus dotted oier  the country ant1 
equipped with niodern self-registering apparatus we can truly 
say that  the weather service o f  the United States is the finest 
in the world. 

The following list shows the places uiicler 35,000 population 
where the Government is now paying rent for Weather Bureau 
accommodations, ani1 where buildings shoulcl I)e erected : 

Plnce tcrhwe builrlingcl nhoitltl be erected. 

Aliline Tex. ......... 3.411 
A1pena,'bliv1i.. ........ 1 1 .  SOL 
A*hr.villa. N. 1' .  . . . . . .  14,684 

. . . .  
Flagstatf, Arix.. .. 
Grsnd .Iunrtion. c' 
(;reen Bar. Wir..  

Lander W'vo. . . . . . . . . . .  i3i 
L e w i s t d n . h h o . .  ..... 2, $23 
Lynchburg. \'a. ....... 1X.ii91 
Msrquette, hlich..  .... 10,0:8 
Niles City, Mont ...... 1,938 

...... 
....... .A, 12.5 

rrutals . . . . . . . . . . . . . . . . . . .  
iugs mid sites. .  

351. 00 1 
42;: $ 11 Total amount a-nf 

360. I IO Total dwst 3 d Inti i lrl- 
300. 00 .......... 

During the past several years Congress has authorized the 
It is rec- construction of five or six observatories each year. 

ommended that the appropriation for this purpose be the same 
as last year, $50,000. 

PIVISION OF PUBLICATIONS. 

Printing of weather maps, forecast cards, meteorological 
forms, and bulletins was continued as usual. 

The printing of postal cards decreased from 31,000,000 to 
30,000,000, but  tlie number of paper slips used in the distri- 
bution of forecasts by free rural carriers increased from 
15,500,000 to 25.(JOO,OOO. 

over  55,000.00(~ 1)ieces of printed matter were sent out, of 
which 20,000.000 were prepared in the oflice of the Bureau; 
the remaincler were printed at  the (fovernment Printing Ofice. 
I n  this iiuiuber are incliidecl 8,500,000 station inaps, one-half 
of w11ic.h were printed at, tlie Bureau. 

The RIONTHLT \ I - E . i m E n  REXIEXV has Leen given a complete 
new typographicnl dress and a fine quality of paper has been 
acloptetl. so that its mechanical appearaiice lias been greatly 
improT ed. 

A cluplicnte dynamo has been iiistnlled, and the efliciency of 
the engines lias been increased 1)y about 8 horsepower as a 
result of ljelting thein direct to tlie generators. 

DIVISION (OF STPPLIES. 

The operations of this division embrace tlie drawing of 
relluisitions for supplies for the use of the Bureau; the receipt 
aiid inspection o f  the same; the drawing of transportation 
reqiiestb for traiisliortation of supplies to ancl from stations; 
the exaiiiiuntioii of all accounts for purchase and transporta- 
tion; tlie keeping of the recorcl of all supplies receired by 
purchase n u ~ l  otherwise, either in this city or a t  stations; the 
eiaiiiination of property returns renclerecl annually, showiug 
the :tccountal)ility of observers for public property in their 
custody ; the ilis1)osition of useless and condemned property. 
and the reliclition annually o f  returns of all property nseclin 
the Bureau and for issue to stations. Tliehe duties have been 
well perforiued. 

In  accordance with plans niacle several years ago, ancl which 
have been generally put  into effect, iiearly all stations are now 
equipped n i th  first-class stanc1:trcl furniture and equipment, 
thus putting the stations in n far better workiiig condition 
than ever before. 

>L I'I'LIl,\ ANI1 I:(~UII'.\lENT FOR ( ESTRAL 0 1  FI( E. 
I n  caring for tlie buildings and grounds occupied by the 

Weather Bureau in the city of Washington, the aclditional 
siiiu of $3000 will be recluirecl during the nest  fiscal year. 
I n  lS94 the amount appropriated for tliis purpose WRS $9700 
(includinx hiye of laborers, $2SOO); in 1903 the amonnt was 
$ l ~ . o ( N .  ant1 for tlie present fihcal year i t  is $ f N O O  (the salaries 
~ ) f  tlie ILLL(J~WS 1)reviuusly on that roll. ainountiiig to about 
$4000, ha\ iug  been transferrecl to the statutory roll of the 
ofice), from which it will Le seen that the actual sum available 
for repairs :tnd iiiiproveinents to the buildings and grounds 
during the Iireseiit fiscal year is less than i t  WRR eleven years 
ago, while the coht of materials h ~ s  ad\ anced and the buildings 
hare deteriorated. The increased cost of fuel alone for the 
present )-e:tr is about $500, n u l  the total aiuouiit required for 
fuel aud .$ts is $:3%JO, leariug only $%()t) for repairs to the 
builcliys aiicl grounds, which is insufficient for tlie piirpose. 
The main 1)uililing is in nee(1 of extensive repairs to preserve 
i t  ; the storehouses ;tnd annex liuil(1iiigs erected a few years 
ago now recliiire rqiairs; a plant fur burning hard coal is 
needed in order to comply with tlie District law in regard to 
smoke; and the gronnds are also in neetl of improvements to  
preserve them, especially the old concrete roadways. which 
should be replacecl. These Inatters have been deferred for 
several years, but now require attention. 

In  supplying the necessary furniture, stationery, and other 
supplies for the eqiiipinent of the Central Office the adJitiona1 
sum uf #3000 will be required during the fiscal year. I n  1894 
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the amount appropriated by Congress for this purpose was 
$13,700, since which time it has been reduced until now the 
amount is only $8000, a decrease of $5700 over the amount 
required eleven years ago, notwithstanding that during this 
period the service has expanded very much and the cost of 
supplies has increased from 20 to  30 per cent. Many of the 
rooms in the main building are in need of suitable o f h e  equip- 
ment, such as carpets, file cases, and other furniture, but  it 
has been impossible to supply the same out of the sinall 
amount appropriated, which is barely suficient to purchase 
the stationery required for ordinary ofice use. 

PERSONNEL. 

$I'l,oi)itn~er2ls.-During the last fiscal year 95 appoiiitinelits 
were made to the classified service, of which nuinber 83 were 
of persons certified by tlie Civil Service C'oniiuission for posi- 
tions with salaries ranging from $360 to $1000 per annuiii: 5 
were by transfer from other clepartments, at  salaries from $(;Ho 
to  $1250 per annum, and 8 by reinstatement, a t  salaries from 
$360 to $1250 per annu~n. 

P~.o/notioi~s-During the same period 83 promotions were 
ordered, all by advancement to  the nest  higher grade. 

I n  making these promotions the Secretary of Agriculture 
has not only recognized eficiency, I n i t  length of service as 
well. The 5 men promoted to the $2oW grade had serT-ed 
from eighteen to thirty-one years; the 4 promoted to $lSOO, 
from eight to  twenty-seven years; the 1 pronioted to  PlGOO, 
twenty-five years; the 4 to $1500, eight to twent,y-two years; 
the 1 to $1400, five years; the 5 to $1300, eight to eighteen 
years; the 13 to  $1200, two to twenty-three years; the 12  to 
$1000, two to eight years; the 5 to $900. two to nine years; 
the 1 to $840, nine months; the 4 to $720, five to eight years; 
the 2 to $600, seven to eight years; the 24 to $480, one to 
eight years; and the 2 to $450, two to three years. It will be 
noted that no employee was proniotetl until lie had servecl at, 
least nine months in the lower grades; that no employee 
reached the $1600 grade until he had given eight years of 
service, while no promotion to $ 2 W )  was macle until after a 
service of eighteen years. 

Redtwtiom-During the year 10 recluctions were ordered. 
Fourteen were due to the esigencies of the service (mostly 
changes of station assignments requestecl by the employee or 
necessitated by the pu1)lic needs) and mere withoiit persoiial 
prejudice. Two were for lasness in the care and preparation 
of records, want of system in organizing and direvtiiig aork,  
and generally unsntisfactorp eomlition of station; 1 for neg- 
lect of duty ancl intemperance. ancl 2 for physical disability. 

Resiglriations.-There mere 56 resignations, all but  two vol- 
untary. Nine were tenclered by lower-grade employees mho 
were examined and certified by  the Civil Service C'omiuission 
for higher positions in the B u ~ ~ ~ L I .  Of the 2 resignations re- 
quested, 1 was for intemperance and neglect of dut,y, and 1 
for excessive absence with and without pay. 

Rzmoua1s.-Seven discharges mere macle, all for cause, as 
follows: Intoxication, neglect of duty, aiid absence without 
leave, 1; unsatisfactory service, 4; absence witliout leave, 1 ; 
disobedience of orders, 1. 

Deaths.-Two deaths were recorded. 

But 4 appointments to  tlie unclaxhified service were iuncle 
during the year, and these were a t  salaries ranging frCJ1U $30(J 
to $GOO per annum, and hu t  1 promotion was made, from $600 
to $660, after a service of four years. There n-ere 8 resignn- 
tions, all voluntary, and no reductions. 

One 
was without prejudice to the employee, his services being no 
longer needed (and his place remaining unfilled). Foiir were 
replaced by classified employees. Two were discharged for 

IlNc 1,4h\IFIED hI<K\ I<'l:. 

The removals in the unclassified service numbered 8. 

unsatisfactory services, and 1 for disobedience of instructions 
and absence without leave. 

EMPLOYEES CJF THE BUREAU. 
The following shows the number and classes of employees 

of the Bureau, both those stationed at  Washington, D. C., and 
those stationed outside of the city: 

A t  W'asliiui(tou, D. C. :  
Numerical sfruigth qf the Wecifhm Bureau. Jicly 1. 190.!. 

. . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . .  1G2 (71 . .: ahblfiell. 
Unclassified . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

~lassifiell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  479 
Unclnssitiell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

__ iao 
Outside of TVnshin$,l.)n. n. C .  : 

- 495 

. . . . . . . . . . . . .  675 

. . . . . . . . . . . . . . . . . . . .  813 

. . . . . . . . . . . . . . . . . . . . .  117 
. . . . . . . . . . . . . . . . . . . . . . . . . .  140 

. . . . . . . . . . . . . . . . . . . . . .  132 
liainfall ~~I.~servers . . . . .  . . . . . . . . . . . . . . . . . . . . . .  64 
Fruit mid wlieiit region ( . . . . . . . . . . . . . . . . . . . . .  20 
Sugar anal rice regiuu u l ~ .  . . . . . . . . . . . . . . . . . . . . .  9 

Total ptitl wipl t iyws  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1. 41)o 
Voluutary flllsI!rvPrs.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,470 
T'<llrtut;try I : ~ O ~ I  ~ i u r ~ e s ~ ~ o ~ ~ ~ l o n t : : ~ ~ ~ t ~ .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  13, 83G 

Tutal nuinericd strt.n$li . 18,706 

In  the classifid gracles the highest salary per annum is 
$SVOO, the lowest $Sl;O, iincl the average $1036.34. In the 
unclassified gracles the liigliest salary per aiinum is $720, the 
lowest $240, nnd the average $457.94. The compensation of 
euil'loyees at hubstations (storm-warning displaymen, river ob- 
servers. etc.), ranges from 30 cents to G7 cents per day, and 
their liours of duty f rov  twenty minutes to  one hour per day. 
Public-spirited citizens, cooperating with the Bureau in the 
capacity of voluntary observers and crop correspondents, serve 
without compensation other than the receipt of such publica- 
tions of the Departiuent as may be of interest and value to 
them. 

*.4 L d l :  I E<. 

THI: LTI'IX'I' Ihr T H E  ( IVIL  *CK\'II I: 1 , i N  .\Nil t:EI~DLATIONS. 

It is a pleasure to report that  both the letter and the spirit 
of the civil senice law and regulations have been fully com- 
plied \\ith ill the Weather Bureau, strict adherence to which 
has not only facilitatetl the transaction of business, but has 
1)roducecl a marked ancl steady iinprovemeut in the discipline 
am1 efficiency of this branch of the pu1)lic service. It is rare 
to-clay that :my Weather Bureau em!doyee seeks advancement 
by irregular methods, and this is due to the fact that it is well 
kno\vn to all coniiectecl with the Bureau that advancement 
may he seciirecl solely through merit ani1 eaciency. 

Close attention has been given all rules of the Civil Service 
Commission, as promulgated from time to time, and I am able 
to report that  there is no case in the Bureau of  an unclassified 
employee performing duties that hhould be done by a classified 
employee. By reference to the foregoing tabular statement it 
will be noted that of 675 commissionecl employers but 34 are 
uucblnssified. It is a significant fact that  under the operations 
of :I merit y s t em that covers every employee in the Weather 
B L W ~ ~ U ,  the working force in its Central CMice has actually 
decreased, while the volume of business has increased at  least 
30 per cent. I n  1595 there were employed in the Weather 
Bureau at  Washington 1% employees; on July 1, 1903, the 
number was 180, or a decrease of 1s in the working force. 

NEW STATIONS. 

There are eight places at which full Weather Bureau me- 
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teorological stations should be established. At these places 
observations would be useful in the making of daily forecasts 
for the country a t  large, and there are important local inter- 
ests that would be served; these places are important as dis- 
tributing centers for daily weather maps and forecasts. I 
therefore recommend that $20,000 be added to the appropria- 
tion for 6 i  General expenses " and $20,000 to '' Salaries," out- 
side of Washington, which will be needed if these stations be 
established. 

RECAPITULATION OF INCREASES RECOMMENDED. 
The increases in  appropriations recommended in the fore- 

Material and supplies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $35,000 

going report are as follows: 
For improved daily weather maps: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Salaries 20,1100 

For extension of river and flood service: 
Material, supplies, and p 
Salaries at Central Offlce 

For climate and crop service: ........................ 750 
For care of meteorological records: S 
For cables: 

Sout,h Manitou to  North Manitou, Mich. . . . . . . . .  

and its extension t o  Roaiiolie Islaii~l, N. C . .  . . .  
For telegraphing observations and forecasts . . . . . . . .  

For repairs to tluilclings and grounds at. Clt.iitrit1 Office. 

Flavel, Oreg., to Fort Canby, Wash. . . . . . . . . . . . . . . . . . . . . . .  
In~provemeiit of line betweeu Calbe Hatteras aiitl Cape Henry, 

For supplies and equipment, for Central Oflice., . . . . . . . . . . . . . . .  

For eight new stations: 

15,000 

3, 000 
. . . . . . . .  3, 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20,000 
Salaries . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20,000 

Total increase'. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  918.990 
-_. 

ATMOSPHERIC PRESSURE. 

The distribution of mean lxtroiuetric pressure for the year 
1903 is shown 011 Chart. I ;  i t  was highest from the west C h l f  
States and the central hIississippi Valley eastward to the At- 
lantic Ocean, the crest, with a iuean annual reading of :?O.lO 
inches, overlying southeaster11 Tennessee. Except in north- 
ern New England, the southern Plateau. interior C'alifornia, 
null portions of the southern and middle slope and micldle 
Plateau regions the inem annual pressure was 3t.00 inches, 
or higher. The lowest mean readings occurred over the south- 
ern Plateau and southeastern California, with the minizliuiu, 
29.88 inches, a t  Tuma, Ariz. 

The pressure was slightly below the annual mean in the 
South Atlantic States, eastern part of the lower Lake region, 
northern part of the Middle Atlantic States, and in New Eng- 
land, and slightly above the mean in a11 other districts. The 
deficiency in mean pressure dicl not equal -.05 inch a t  any 
station, and the maximum escesses were + .05 and + .Ocj inch 
in western Kansas, southwebtern Nebraska, southeastern Wyo- 
ming, west-central Colorado, and central Washington. 

TJVxIPERATURE OF THE AIR. 

The distribution of iiieaii annual teniperature is shown on 
Chart IV. The teinperature was below the mean in the Gulf 
States, Florida Peninsula, South Atlantic States generally. Ohio 
Valley and Tennessee, western lower Lakes, southern upper 
Lakes, ceiitral Mississippi Valley, southern Slope region, cen- 
tral Icansas, central and northern Nebraska, the western por- 
tions of the Dakotas, Wyoming, western C!olorado, Utah, north- 
ern Nevada, northern Chlifornia, southern and central Oregon, 
and central Washington. Departures of - 1.0" to - 2.0' oc- 
curred in t,lie Gulf States and portions of the Florida Peniii- 
suln. South Atlantic States, southern ancl niiddle slope and 
middle Plateau regions. The greatest excesses aiiiounted to 
+ 1.0' to + 1.6' ancl occurred in northwestern New York, 
northeastern lower and eastern upper Michigan, northwestern 
Minnesota, eastern and central Montana, and southeastern 
Idaho. 

Maximuin temperatiires of loo', or higher. occurred during 
the year in the iiilancl section of southeastern North Carolilia. 
central South Carolina, southeastern Georgia, north-central 
Florida, northeastern Alal~ama, southenstern Mississippi, Texas, 
except the extreme eastern portion and along the Gulf coast, 
I<ausas and Oklalioma generally, south-central Nebraska, south- 
eastern Colorado, eastern and southern New RIesico, Arizona, 
except the northeastern portion, east-central and southern 
Utah, southeastern and north-central Nevada, California, e r -  
cept along the coast and in the northeastern ancl east-central 
portions, portions of southwestern and northeastern Oregon, 
southeastern Washington, western Iclaho, southeastern Mon- 

tana, southwestern ancl south-central North Dakota, western 
and central South Dnkota, and in portions of estreine southern 
Illinois and southwestern Indiana; of 110". or higher, in the 
northwestern portion of the l~anhanclle of Texas, south-central 
Ikiisas, western drizoua, southwestern Utah, extreme southern 
Nevada. and southeastern California; ancl IW", or higher, in 
estreme southeastern California. 

During the year freezing teiiiperatures extended as far south 
as central Florida. Minimum teiuperatures of zero, or lower, 
were reported as far south as cent,ral New Jersey, northern 
Pelaware, central bIarylanc1, the western parts of Virginia and 
North Carolina, scmthern Tennesse, except in the estrenle east- 
ern portion, the nortliern parts of Arkansas, Oklahoma and 
the panhandle of Texas. central New RIesico, northeastern 
Arizona aiiil southern Nevada. and to the eastward of central 
California, central and eastern Oregon, and northeastern 
Washington; of 10' below zero, or lower, to southern New 
England. extreme southeastern New Tork, northern Pennsgl- 
vania, and central Ohio ai111 Indiana, southern parts of Illinois 
and Missouri, southern Icansas, north-central New Mexico, 
southern Nevada, and a suclll area in northeastern Arizona, 
and eastward of eastern California, central ancl eastern Ore- 
gon, and extreme northeastern 11-ashington. I n  a small area 
about Lakes Ontario and Erie, western Lake Huron, and east- 
ern Lake IIichigan the temperature dicl not fall so low as 10' 
below zero. Minimuin temperatures of 20" below zero, or 
lower, occurred as far south as central New Englancl, north- 
eastern New Tork, western upper DIichigan, eastern TTisconsiii, 
extreme northern Illinois, cent,ral IOWA, northeastern and er- 
treme western Nebraska, southwestern C:olorado, southern and  
eastern Utah, find in portions of north-central Nevada an11 
southwestern Idaho, am1 eastward of east-central Nevada, 
southeastera Idaho, and central Montana; of 30' below, or 
lower, to northwestern Xisconsin, south-central Minnesota, 
northern South Dakota and eastern Montana, and in portions 
of the mountain districts of southwestern Tl7~0ming and cen- 
tral and northwestern Colorado; ancl 40' below, or lower, to 
northwestern i lhnesota,  northern ancl mestern North Dakota, 
and east-central DIoiitana, and in portions of the mountain 
regions of southwestern Wyoming. 

_____ 

PRECIPITATION. 
The tlistribution of total annual precipitation is shown on 

C!hart v. 
Precipitation equalling or exceeding 60 inches for the year 

occurred in portions of the following Ststes : Southwestern 
Georgia, northwestern Florida, southwestern RIississippi, east- 
central Louisiana, along the coasts of northwestern California, 
Oregon and Witshington, in t'he nioiin tains of East Tennessee, 
and along the coast of cent,ral New Jersey. 


